Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



t .,■ 



w 



■:. / 






I •'■'". . • 

' ' ' ... • 

1 • 






• • • 



•• • : 






V w 



* > » 



•■4 



ELEMENTARY PHYSICS, 



AN 



INTRODUCTION TO THE STUDY 



OF 



NATURAL PHILOSOPHY. 



IWith 217 Wood-enfftavinffs.'] 



BY 




ROBERT HUNT, 

PKOrSSSOK OF MECHANICAL 8CIKNCB, GOYBKHMBNT SCHOOL OF MINKS, 

AUTHOK OF ' POBTBT OF SCIBNCB/ * RBSBABCHBS ON LIGHT,' 

* HANDBOOK TO THB ORBAT EXHIBITION,' BTC. 



LONDON : 

REEVE AND BENHAM, 

HENRIETTA STREET, COVBNT GARDEN. 



1851. 






o. - - - ' ^ : 



V . • ' 






• • 






• 4 



• > 



« 






PREFACE. 



"w \^\y\^\ 



Intimate association with those institutions which 
are devoted to the diffusion of useful knowledge, 
has led to a conviction that, notwithstanding the 
increasing desire manifested amongst their members 
to cultivate an acquaintance with physical science, 
the means has not been afforded by which this im- 
portant study might be facilitated. 

Impressed with the idea that it is quite possible to 
render every truth intelligible by the most simple lan- 
guage — ^that it is practicable to teach physical science 
so far as to render all the great deductions from ob- 
servation and experiment satisfactorily clear, without 
encountering the difficulty of mathematics, — ^this Ele- 
mentary Treatise has been written. It is hoped that 




it may be fouud useful in furnishing an appropriate in- 
trodnetion to those works of our great natural pbilo- 
Bophers, to which we are indebted for a knowledge 
of the laws which regulate the great phenomena of 
nature. 

Convinced that for a numerous class most of the 

works on natural philosophy are of too abstruse and 

' techuical a character, demanding an amount of 

previous education which few of our schools have 

hitherto afforded, this Elementary Treatise has been 

j attempted. The design is, to give accurate informa- 

' tion on every important fact connected with .Physics j 

I to explain the experimental evidence by which each 

I law has been developed; and, by avoiding mathe- 

' matical details, — wliile accepting the proofe they afford, 

I — to place clearly the deductions from physical inveati- 

I gation before those to whom the higher-class treatiBea 

I are sealed books, to which it is hoped the 1 

I Physics may prove an appropriate introduction. 
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GENBEAI, PROPERTIES OP PONDERABLE MATTER. 

Cohesion. — AtiracHon at insensUk distance!. If we 
break a sione from the mountain mass, and inquire Into 
its cosstitulion, the earliest fact ivith which we shall make 
ourselves acquainted will be, that, by the application of 
a certain amount of force, wo can reduce that stone 
into minnte fragments. Each of these may, by the con- 
^aed applicAtiou of mechanical force, be crushed, into 
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infinitely smaller particlea, and we may, by continuing to 
beat or grind the mass, reduce the whole into a powder 
sufficiently fine to be dissipated by a breath, and float 
almost invisible on the air. We learn from tliis that the 
mass of the mountain is laade up of exceedingly fine 
particles of matter, held together by some peculiar force ; 
and — since tbe rocks of the mountain fairly represent the 
solid crust of the Earth — tbat our planet is an accumu- 
lation of infinitely fine dust aggregated to form a globe. 
If we select our example from tbe organized forms of 
creation — the wood of a tree, the leaf of a flower, the 
bone from an elephant, or the muscle from an os — we 
may dr; them and reduce them all alike to an impalpable 
powder. Dust they all are, stauds recorded as a Tmiveisal 
truth. 

A discussion baa been continued from the earliest 
periods to the present time on the q^ueatioc — Is matter 
infinitely divisible ? or are there limits beyond which 
matter can be no further divided ? 

It has been proved, particularly by the examination of 
tbe truly illustrious Boyle, that twelve grains of silk as 
spun by the silt-worm will measure a mile; an inch, 
therefore, of this delicate fibre, which is very appreciable 
to our senses, will weigh considerably leas than the five- 
thousandth part of a griiin. Again, the cxti-eme thinness, 
to which gold can be beaten is a remarkable example of 
the estension of matter, and several applications of this' 
metal in manufactui'e silford us very striking evideiices of 
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i extreme divisibility of a aoUd body. Gold-leaf can 

> thin that fii^-sis square inchea will weigh 

t one grain; and the gilding on Bilver-wire, us used 

K making bullion fringe, is so attenuated that less than 

) hundred-thousandtli part of a grain ia visible to the 

Cbemiatry affords ua uuineroug curions ex- 

8 of still more estreme division. A groin weight of 

f may be dissolved in an acid, and this solution 

d with four or Ave gallons of water, and in every drop 

is water the indications of mercury may be ascertained. 

1 of this metal has, therefore, been divided into 

e than 300,000 parts, each one of which can be ren- 

1 evident to the senses by appropriate tests. Ceru- 

e colouring matter of indigo, is of so intense a blue 

a single grain of it wilt impart that colour to two or 

e gallons of water. We can aeo so small a quantity 

Hie thousandth of a gi-aiu of water, and distinguish this 

s colouring matter in that small quantity ; this proves 

Bdivisiouof a grain of cerulin into 50,000,000 of parts, 

T senses more perfect than they ai'e, we should 

e to ascertain, without doubt, that this division of 

r might be carried much further. 

jsed to the view that matter is inSniteiy divisible 

lie facts of chemical science. The beautifully har- 

a laws which prove to us tbat material substances 

I unite in definite proportions, appear conduaive as 

.ce of an ultimate aiom. Although we are not 

£ even by the aida which ingenuity has given to our 
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I senses, to reach thia ultimate atom, the only inference to 
r 'he deduced Irom the study of chemical comh illations, is, 
r that all matter consists of certain small parts which will 
J not admit of further division, the sizes of which the 
f human senses are incapahle of detennining. 

Having leamt that to eveiy one of these ntoma belongs a 
f power, in virtue of which they aggregate to form masses, we 
r ^have to proceed to the investigation of the principles upon 
r which this power depends, the laws by which this force is 
I- exerted, and to the esarainatiou of certain other powers 
I which are discoverable' in action throughout nature. This 
E oonatitntes the branch of science which we call Physiia — 
I a term derived from the Greek <j>i<Tts, nature. 

We often use the word PiiYSica without that exactness of 
f meaning which is desirable in a name by which we wonld 
f indicate one of the moat important divisions of human 
' knowledge. In its enlarged sense it ia supposed to com- 
[ prehend the study of all nature, embracing every branch 
of inductive philosophy, experimental research, and the 
:a of pure observation. In its more limited signifi- 
I tiatioa it is employed to express the stndy only of the great 
■ forces or powers which are known to influence the condi- 
[ tiona of the material universe ; or, rather, of the laws by 
I which these agents of creation are regulated. In this last 
lense it is employed in the present treatise. 

That no misunderstanding of the meaning intended to 
be attached to the term may arise, it is necessary to repeat 
that Physics is, in this volume, limited to the study of 
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tAosf eoniUioiu of matter, not dependeut on cLemical com- 
bination, which Ke perceive around itt, and <ift/ie operation 
qf ihme lubiile agenU which have been proved by science lo he 
eeer actiee in producing thoae eoadiliom. 

Since it is also important that pflrticular terms employed 
in treatises on Physics should be clearly defined, it will 
be found useful in the first instance to determine our 
nomenclattire. 

Matter, and the physical agents which are so essen- 
tial to its existing conditions, becomes known to us only 
through the medium of the senses. Matter exists in 
different states, as, for example ; — Solid, as in a mass of 
metal or n stone. Plastic, or aeiai-solid, as in pitch, 
which, although it preaents the appearancB of a sohd, will 
be found to he continually changing its form hy the 
movement of its particles, when left free to move : this 
condition is thought by some to belong to the ice accu- 
mulated in those great natural formations, the glaciers. 
Fluid, aa in water. As the term _fiuid is applicable to 
all flowing bodies, anil therefore, used with equal correct- 
ness when applied to vapours or gases, Liarin appears 
more appropriate when we desire to speak of a body like 
water. Vaporifobm, as in steam, the vapours escaping 
from volatile spirits, and such like bodies. Gaseous, as 
atmospheric air and the gas employed so estonsively for 
gtreet and house illumination. 

These conditions are rendered evident to human sense 
principally through the chsnneU of the eye and the hsai. 



The eye distinguiahea the letters on this page, frora the 
circumstance that the white paper re/kets, or sends off to 
the eje, neoriy nil the light which is now Ming upon it; 
whercaa the matter which composes the ink in which the 
letters are printed absorbs most of the light it receives, or, 
at least, the letters appear black because they do not reflect 
light enough to act on the optic nersea. Thus, we cliatin- 
guiah material nature by the varying powers which every 
substance possesses of acting upon light according to a 
definite law — throwing back more or less of this lummous 
principle to act upon the oi^na of vision. In this way 
we obtain our ideas of size, form, and colaar ; and also of 
opaciiff and transpnrencg. 

The hand, as the member commonly engaged in ex- 
tending our knowledge by the sense of feeling, comes to 
aid the eye, and by it we ascertain that a body is talid — 
it will not yield to the pressure of the fingers ; — that it is 
pladie, because it will yield, and we can mould it; — that 
it \i fluid, from our being enabled to move the hand freely 
when it is immersed in it ; — and the distinctions between 
the fijaiWaad the OD/joarand^fM, are principally determined 
by the conditions of resistance which these bodies olTer. 

Certain properties which are common to all matter are 
usually termed enaenHal properties. These must be briefly 
enumerated, since a correct understanding of each parti- 
cular term is necessary to the auecessful prosecution of the 
■tudy of Physios. 

Extennon. — The capability of being spread out. 
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IXHviailiUty. — The propcrtj of being cut, crualietl, or 
ffdered. 

Impenetrahilii^. — This term requires a more careful 
explanation. If a bullet is placed on a certain spot, we 
cannot place another on the same spot without displaoing 
the first — we cannot force the two bullets into one of the 
same diameter. Some bodies are ^oroM» — as sugar, chalk, 
or sponge — and, if placed in wafer, that liquid appears to 
peaetraie them ; but it is only taken up into the pores — 
the vacant apa ea — n wat nt th 1 1 t m f tU 
substance. V^ my plung th h d t a mas f 
sand : we do n t pp trat th nd w ly d pi t 
therefore the p rt 1 f matt d t b mp n 

irable, or to po jien I blty 

Sensiiy. — Hardness and hearineas. Bodies differ very 
materially in the quantity of matter which they contain in 
a gireu apace. A cubic inch of iron and a cubic inch of 
wood may be taken as examples. In the first, the parti- 
cles constituting the mass are packed much closer together 
than in the last ; it has, therefore, a greater densitg. 

Inertia. — A body at rest cannot he moved without the 
application of a certain amount of force ; the quantity of 
force applied, therefore, to move the body is a measure of 
its iaertia — the force which keeps it at rest. Again, a 
ball is discharged from a camion, or a plummet is swinging 
suspended from a long string ; they are moving at a uni- 
form rate : in stopping either the ball or the plummet we 

m\j a certain amount of power to reaist their movement. 
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Tbe inert mass is moving in. virtue of a farce applied', 
nnd, unless some poiver is opposed to it, it would con- 
tinue to move for ever, since matter is absolutely passive, 
and cannot either move itself, or bring itself to rest after 
it has been moved. 

Gravitation is the force which belongs equaily to the 

smallest atom and to the largest world, producing those 

attractions wldcli bind masses of matter together, and 

keep planets in their regular orbits. It is the force which 

I draws a small body, set free to move, to a larger one. 

I stone falls to the earth in virtue of the gravitating forces 

I of the two masses, the earth and the stoui?. ITie weight 

\ <iS& body is the force necessary to balance the power of 

I gravitation, or to keep it from falling to the earth. 

To matter also belong many accidental or secondary 

[ pn^erties, which are mainly dependent on the foregoing, 

a Mlatlicity, Ductility, Strength, Stiffness, Toughness, 

The first division of this subject naturally relates to 
F the condition of bodies at rest. Since every atom of 
matter is acted upon by several forces, eitber one of which 
I acting separately would be sufficient to set it in motion, 
I a body at rest, being, as it were, balanced between these 
\ powers, is said to be in statical eqttiUbrium, and this divi- 
t sion of Physics is termed Statics, which, in a strict sense, 
I means the determination of weight only ; but it is eom- 
I monly and properly extended to a consideration of the 
I influences of all those forces which can be compared with 
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wedglits. We Lave hIbo the term Hydroslatici, relating 
to tlie equilibrium of fluids, and Hydrod-ynamici, embracing 
the laws of fluids in action, 

Dynamics is tlie science which belongs to matter in 
motion ; a. force, or power, undisturbed or balanced, is 
said to be 11 statical force, whilst in activity it is termed 
a dynamical force. It is not intended that these de- 
finitions should be supposed to have that logical accuracy 
which it is necessary they should bear in the refined phi- 
losophy which becomes in its nature almost metaphysical, 
and in which even some experimentalists are fond of in- 
dnlging ; they are, however, considered sufficiently nc- 
cnrate and precise for all the purposes of Elementary 
Physics. Without in 8py way advancing further than we 
have already gone into the consideration of the theory of 
atoms — a question which has exhausted much metaphy- 
sical ingenuity, — it is sufficient for our purpose of reading 
the great book of nature, that we admit the existence of 
the ultimate atom. 

It is so important that the idea of an ultimate jioiat of 
mailer should be correctly entertained, that, returning to 
onr illustration of the stone regnrded as o portion of one 
of the gi'eat mountain ranges of the earth's surface, and 
consequently a proper example of one of the forms of 
matter, it is certain that the most minute portion of the 
powder to which we can reduce it still retains all those 
powers, forces, or agencies which are discovered in the en- 
tire mass of rock to which it belongs, — that, indeed, every 
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particle of dual which is blown about by the winds b in- 
fluenced by, and reacts on, those great agents of creation 
whieh we distinguish by the names of Gravitation, Elec- 
I tricity. Heat, and Light, under all their modifications. 

Newton regarded the atom as hard and impenetrable, 
[ without elasticity; other philosophers hove adopted the 
I Bieory of its being infinitely elastic, and capable of penc- 
I trating, and being penetrated by, othi 

se, impossible io prove which of those theories approach 
I nearest to the truth. All the ends of our inquiry appear 
I to be answered, however, by regarding the atom as 
r elastic sphere surrounded with an infinitely extensible 

of influences or properties, by which it is enabled tfl unite 
\ with other at£ims to form a mass. 

To convey to tlie mind a correct idea of the powers at 
I work to arrange the mass constituting this world, let 

upon a horizontal disc, capable of being made to 
iTevolvc rapidly, a ball of some loosely adherent powdi 
mtay of chalk, or flour. (We cannot remove any aubatanoe 
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entirely from llie influence of the great natural forces, we 
therefore only approach the actual conditiona.) While at 
rest, our little glohe of dnst a — let us regard it as a mimic 
world — will retain its form ; but if our whirling board b is 
set into rapid revolution by turning the smaller wheel c, 
the particles at once begin to separate, the sphere flattens 
and spreads itself over the disc, and if the motion is 
rendered sufficiently rapid our miniature globe wiD be dis- 
sipated, the particles of which it is composed being thrown 
off in curved lines in every direction. 

The Earth upon which we live is revolving on her axis 
at the rate of upwards of 1,000 miles an hour, and is im- 
pelled onward in her orbit with a velocity of more than 
68,000 miles ju the same time. We have never yet 
attained, on our raiboads, to the speed of a hundred miles 
an hour, therefore the locomotive carriage imparts but a 
very imperfect idea of the immense velocity of either of 
these motions of this planet. But, for illustration, let us 
suppose that the vapour force which is employed to turn 
the great driving-wheel of a locomotive, is made to set an 
artificial globe in revolution at an immense velocity, and 
to bear it onward at a speed sixty-eight times greater than 
that at which the ball revolves ; it will be readily con- 
ceived, supposing our ball to be made of loosely coherent 
matter, that it would break up into dust, and be seen aa 
a train of fine particles trailing out behind the moving 
engine. That this is the result of motion on our most 
solid bodies, may be proved by fbtiug two hoops of any 
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metal transversely on an 

I, firmly at the point c, 
being left free to move at c. 
On turning the handle a bo 
as to give those metal cifolea 
a very rnpid motion, it will 
be observed thut they will 
bulge out, and that the upper, 
the loose, ends of the hoops 
will descend upon the axis, T'ig. B. 

proportionally to the velocity imparted to them, — thus 
representing a flattened spheroid. If two halls are at- 
tached by a cord to a rod, and the rod turned by rolling 
it between the hands, we have a very simple illustra- 
tion of this tendency of the particles of matter to fly 
off from the centre wheu they are put in rapid motion. 
This arrangement ia moat usefully employed in the 
Bteam-engine, The halls are connected with the valves, 
and, opening as the speed 

ases, they contract 
them, and thus regulate 
the quantity of steam 
admitted to act on the 
piston. — We nccaaionajly 

, when by some ca- 
malty the steam-engine is 
Hiddenly relieved from the 
work it is employed to 
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E-that the fiy-wheel ia rent to pieces, owing to the 
s velocity it thus acquires ; a striking example 
oE the fact, that motion may become suJEciently violent to 
break up the closest aggregation. The Earth is itself an 
example of the operation of this force. Its diameter at the 
equator is about seventeen miles 
greater than its polar diameter. 
It has been thought by some, 
that D plastic condition was ne- 
cessary to prnduce this result, 
and that the form of our planet 
was determined when it was yet 
in a semi-fluid state. This docs *' 

not appear necessary to the conditions, it being prove- 
able by experiment, that the motion of the earth may 
produce a disturbance in the dense mass of which it 
ia constituted quite sufficient to occasion this bidging 
out of the revolving sphere. It may appear difficult to 
conceive how bght bodies, free to move, are not thrown 
off feoin the surface of the earth into space, under the 
infiuenCG of motion. It will be shown that the power 
of gravitation ia bo nicely balanced against the result 
of the earth's rovohtion, that the lightest down floating 
on the air swims ia the calm equilibrium of two forces 
apparently undisturbed. The alterations produced in the 
(brra of bodies by motion, can be very prettily studied by 
on ingenious contrivance employed by M. Plateau, in his 
1 the form of bodies when relieved from the 
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influence of gravitation. A top is adjusted to a glas; 
box or jnr, so that 



with 1 



1, coanected 
arrange- 
ment for turning 
it at any mode- 
rate speed, passes 
through to the 
bottom of the Tea- 
sel, A mixture of 
spirits of wine and 
water is made, in 
auch proportions 
that the fluid is 
of the same speci- 
fic gravity i 
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oil. This is easily effected by the use of the oil itself; 
float on the surface of water, hut will sink to the bottom 
of rectified spirits ; therefore, if we pour a portion of spirits 
of wine into the glass, and put in a globule of oil, the 
spirit will float above it, and it will be observed that the 
oil, influenced by attraction of the earth and surrounding 
masses, is a more or leas flattened spheroid ; but if wt add 
a little water, and mis it carefully with the spirit without 
breaking the floating mass of oil, it will be seen to swim 
higher up in the spirituous medium and present less flat- 
ness. By carefully adding water in fhis way we eventually 
bring the oil into the very centre of the fluid, and it will 
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the eeeo. to be a perfect epliere. Thns fer the expe- 
tat is moat inatriit^tive, showing the influence of the 
a: we call Gravitation on the form of matter. The 
r being now paaaed down through the sphere of oil, 
turn the handle 'slowly, and we have immediately a 
flattened spheroid, wliich will become more so es we 
increase the speed, until it spreads oat into a alieet of oil 
still held by the revolving wire. If the rate of revolution 
is atill more increased, we have a very remarkable reanlt — 
a ring of oil separates from the rest, wliich, although 
there is no apparent connection between it and its centre, 
Btill moves at a aniibrm rate with it : thus giving a 
miniature representation of the phenomenon of the ring 
of Saturn. 

In these teaults we have conclusive indications of a 
power by which matter is aggregated or collected into 
jQoases — of a force acting in opposition to the force he- 
longing to motion. It is necessary that we should dis- 
regard, for the present, any of the influences beyond those 
of motion and this binding force, since the phenomena 
are rendered more complicated by admitting them in the 
present stage of our argument. 

The atoms of matter are held together by a power 
which we call Cohesion, Cohesive Attraction, or Aggre- 
gative Attraction, and which must be regarded as attrac- 
tion acting at distances which are not measurable, or, as 
they are termed, insetisiile diitaneea. 

Many examples of the operations of thia force are 
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treadilf obtained. Preaa closely together two perfectly 
W dean and flat pieces of plate-glaas, and they will adltere 
f with considerable force. Cut a piece of lead unifbrmly 
1 two with a sharp instruiaent, bring the two pieces 
I again together with a twisting motion, and they will now 
I support many pounds weight before they caji be again 
I Beparated. Plates of iron are scraped so perfectly trae, 
that they adhere with great force; and this power is 
' sometimes made of practical utility in the arts. It may 
f be thought to be duo in some measure to the pressure of 
the atmosphere ; but when, by means of the air-pump, this 
! inftuenco is reduced almost to nothing, the adhesive force 
still continues. By hang- 
ing discs of metal or other 
bodies to one end of a soale- 
beara, and bringing them 
to rest upon the surface of 
water, or any fluid, we 
may relatively ascertain the 
force of cohesion exerted 
aetween them. The attractive force existing between discs 
t-of solid metals of the same diameter and mercury, according 
■ ia the experiments of Guyton-Morvcau, is as follows : — 
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I TLat is, the nuraber of graios specified were required to 
I lexDOVG the discs from the eurfnce of mercury. 

If we suspend a disc of glass upon the surface of water, 
and ascertain that a certain weight, say 100 grains, ia 
necessary to remove it — to break the cohesion, — we shall 
find, if we substitute other fluids, such as etlier, spirits of 
wine, turpentine, or any of the oib, that the weight re- 
quired will constantly vary. We thus, to a certain extent, 
obtain n.measureof the cohesive force with which the par- 
tide^ of fluids are held together ; and by rending metal 
bars by hanging weights to them, or by applying any 
force of which we can obtain a correct measure, we arrive 
at similar approiimate results. 

"We ore tbus taught that some cause is in action, the 
visible effects of which we call CoMs'mn, binding the atoms 
of which the earth is formed, into a sphere, which, how- 
ever, by the action of motion, is reduced to a flattened 
spheroid. We learn that this force acts with different 
degrees of intensity in different masses — this being re- 
gulated by some physical causes at which we have not yet 
arrived. 

All forms of matter are constituted of minute atoms, 
held within certain immeasurable distances of each other 
by this cohesive or aggi'egative power. Wc therefore sup- 
pose that the number of atoms contained in the same space 
diifers in dissimilar substances — that a cubic foot of air 
is made up of a smaller number of these atonis than 
the same measure of water, and that a solid contains a 
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Fig. 7- 



much larger number than eidsts 
the same space in a fluid body. The 
annexed diagram wilJ convey an idea 
of this hj'potbusis. Notwithstanding 
our boasted advaocus in science 
have scarcely arrived at any satisfactory 
knowledge of the powers which refpi- 
late the internal conditions of masses 
of matter. The molecular foTce» an 
almost entirely beyond our percep- 
tions, and our ignorance of the laws 
by wbich they are regulated shonld 
tench humility to the most exalted 
human intellect. 
A peculiar attractive power resides in every particle of 
matter : this is in perfect independence of the operation 
of any modification of electrical force. A few curious 
instances of various modes in which this power mani 
itself, will prove instructive. Ohateoal eshibits a power 
of condensing about its particles, or within the poroL 
spaces of its mass, fluids, both gaseous and liquid, in 
very rerearkublo manner. If a piece of charcoal, from 
which all the air and moisture have been expelled by 
is plunged into any of the following gases, it will be found 
that the absorption is as stated below. 

AmmODiBcal Gua ... 00 times it.i voluuiE. 
Muriatip Atid .... 85 „ 

Snlpliiiioua Acid ... 65 
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SiilpbilretW Hydrogen , S5 times its volmue. 

Carbonic Acid .... 35 „ 

Carburcttcd Hjdrogen . B'i2 „ 

Oiygen 8-26 „ 

NitrogBft 7'B ,1 

Hydrogen 175 „ 

We thus leBTD, since the volimie of the body absorbed is 
so muoh greater than the TOlume of the absorbiug body, 
that the gna or liquid must be subjected to a compreasinj; 
oc condensing force of euormoua activity. 

Again : spongy platinum possesses a similar potcer; and 
when a stream of hydrogen gas is projected upon it, thu 
pores of the platinum holding already, in a condensed 
form, atmospheric air, the hydrogen is forcfid by this 
molecular agency into such close contact with the osygeu, 
that chemical combination results, with the develop- 
ment of heat and light. Nor is this qiiaUty cou£ued to 
the pulverulent form of this metal ; for if a piece of per- 
fectly clean platinum foil, washed in nitric acid, to remove 
organic matter from its surface, be plunged into a mLtture 
of oiygen and hydrogen gases, this mechanical force is 
exerted to such a degree, that they combine to form 
water, which is condensed on the metal as a dew, and, 
Rs ia the other ease, we have the manifestation of both 
heat and light, the platinum becoming glowing red-hot. 
These very remarkable phenomena, which are now found 
to prevail in all porous bodies, soils, sand, &c., have been 
referred to a power called by chemists Caial^sig, or the 
c 3 
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action of presence. (A familiar iJtastration is given ia 
the fermentation of bread ; — a small portioti of jeaat, a 
body in a fermentiug state, ia placed in a large quantily 
■ of moiatened flour, and fermentation is cstabllsLed throngh 
f the mass.) But evidently we must seek an explanation of 
' the above effects in some other direction, for results which 
I hare been referred to a common origin have evidently 
[ nothing in common. 

A peculiar force has been observed as if residing on 
[ the surfaces of bodies ; the operation of the attraction of 
1 all those particles of matter which constitute the outer 
[ layer of the mass. This force, or these forces, have been 
Epipolic, which means no more than the action 
I of a surface. The instance given of the platinum foil is 
evidently to be comprehended within the phenomena of 
epipolic force ; and so, we believe, mnst be the power 
I of condensation so remarltably shown by charcoal, and 
I those similar actions, which, although varying in degree, 
n be traced to every solid body. 

Let us not deceive ourselves, and suppose that by 

r adopting a name we have explained the cause ; we merely 

1 employ it for the purpose of grouping together a singular 

variety of observed effects, the cause of which has hitherto 

eluded our research. No doubt, however, but it belongs 

o those hidden powers which regulate cohesion; and Qt- 

[ pUlariti/, or the ascent of fluids in capillary tubes (tubes 

having hair-hke bores), is the exertion of the same 

force. 



A moistened sponge, or a lump of sugar, being placed 
on the surface of water, becomes rapidly cliarged witli the 
fluiilj owing to its ascent througt the capillary tubes to 
these substances. In. sugar the tubes are so small that 
the water will thus ascend to an almost unlimited height, 
if we take a series of glass tubes, of very fine bore, 
but of different diameters, and place them in a vessel of 
water — which should be coloured to show the result more 
strikingly — we shall see that the water will rise the highest 
in the smallest tube, and that the height will gradually 
diminish as the size increaaes. The height at which the 



e fluid will rise in auy given 
tube is always uniform, but it 
I for different fluids. We 
have alreodj showu that the cohe- 
e powers of dissimilar fluids are 
not alike, and this capillary ascent 
3 due entirely to the same eause. 
' From very careful experiments it 
has been proved that, supposing 
sulphuric acid stood at a given point in a tube, which we 
will call 1, the relation of other fluids will be as follows : — 



m 



Sdphur 



Acid . 



1 



Oa of Turpentine 
Pure Water 
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The same result may be produced by two plates of 
touching at one eud, but slightly separated at the other. 
1 this arrangement is plunged into water, the fluid 
and fonos a curve — the well- 
u hyperbola — as shown in the 
woodcut. That this depends en- 
tirely upon the action of the force 
producing cohesion is ; 
employing a rod, or a single plate 
of glass, and placing it steadily in a Fig. 

vessel of water ; we shall perceive, after the whole ha> 
been allowed to remain 
free of any disturb- 
ance, that the water 
will rise to a higbi 
level on all sides of 
the glass than ov^ 
any other part of its 
Fig. 10. 

This superficial cohesion of liquids may be expressed, 
I approximately, by weight. Every inch of the surface of 
I water is stretched each way by a force equal to the weight 
J part of a cubic inch of water, which is two and 
I a half graiug. According to Dr. Young, " thus if a solid 
I of any form, of which the surfaces are vertical, and whicli 
I is capable of being wetted by either of the fluids — water 
ir mercury — be immersed into a reservoir containing it, the 
I fluid will be elevated around it to such a height that two 
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grains Bad a linlf of water, or seventeen grains of jnereury, 
for eaot incb of the circumference of the solid, will reraain 
above the general level of the reservoir," This force is 
exerted in different degrees, and, indeed, the mass whicii 
attracts one ftuid may have a repellent power for another. 
tilass attracts water— that is, the attraction of cohesion to 
the glass is greater than the attraction of the watery 
particles for each other ; but the attractive force of gloss 
for mercury is less than half as great as the mutual attrac- 
tion of the particles of mercury. Hence, if we place a 




Fig.l 



Fig. 13. 



glass plate in mercury the metal is depressed (tig. 11) ; and 
mercury, heing placed in a dense glass vessel, becomes 
convex on its sarfaco (fig. 12). A glass rod or plate at- 
tracts water, and that fluid is elevnted around it ; bnt if 
we grease the glass it will repel the water, which will ex- 
hibit a similar depression to that shown in the case of 
mercury. This metal will not flow through fine rausUn, 
nor water through a fine sieve, the wires of which have been 
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greased, and if the hand is dusted with lycopodiimt it 
may be immeraed in water without being wetted, showiDg 
the extent of repulsion which is exerted between the par- 
ticles of the fluid and tlie solid body. 

It may be shown that tliis cohesive or capillaiy force ia 
sufficient to restrain the escape of vapours. If we plant 
in capillary tubea (open nt both ends) as much water as 
tbey will support by this power, they may bo kept under 
tbe infiaence of full summer sunshine without losing any 
of the water by evaporation. 

This attraction, or adheaion, or a correspOTiding repid- 

ion, is exerted between the particles of all gases and 

I liquids as well aa solids, and there is little doubt but the 

solubility of bodies is regnlated by the operation of this 

L power. 

A few experimental illustrations will fairly put these 
f fects of adhesion before us. — 

All gases, under any circumstances, when placed toge- 
I ther, diffuse themselves through one another and form a 
uniform mixture. If two bottles be connected by a glass 
tube, and the lower bottle filled with heavy carbonic aoid 
gas, and the upper one with light hydrogen gas, a portion 
of the heavier gas will after a few hours be found in the 
upper vessel. 

If a vessel (fig. 13) ia filled with gaa and placed in a hori- 
itoQtal position, and the communication with the external 
air is effected by means of a bent tube, which can be 
turned doanvmrd when the gas is lighter than air, and 




tqnoard when it 
from the cy- 
linder, and its 
; be sup- 
plied witH at- 
mospheric air. 
The rate of ^ig. 13. 

this diffusion, according to the experiments of Gnihoni, 
is as follows for 100 volumea of gas : — 



HjdrogEn . (in fonr lumrs] 81*6 volpmes. 

Iiiglit Cuboretted Hydrogen „ 43 

8-6 ADUngnifl ... „ 41 

OleSant Gai . . . „ 34 

CartioiiiG Acid „ 31 

I whiah it appears they escape more quickly the 
■ they are. It was found that 47 measures of 
laped in two hours, and the same volume of 
iconic acid in ten. It may not at the first appear how 
8 referred to adhesion ; but when we recoEcct that 
the denser body has a power of drawing a less dense one 
to it, we shall perceive that atmospheric air attracting the 
particlea of the lighter hydrogen, is the same in character, 
to some extent, as charcoal condensing fluids in its cells, 
but the air, being mobile, fiowa in to supply the place of 
the body drawn out. If two gases, having different rates 
of diffusion, are mixed — say hydrogen, diffusing at the 
nte of SO meeanres in four hours, and oleGant gas at the 
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^^B rate of 34 measures in the same time — and the yessel 
^^K contoiniDg them is placed over oue contaimng caibonic 
^^Bacid, it will be discoyered after a period that the hydrogen 
^^■liaa left the olefinnt gas, and it will be found with the 
^^V carbonic acid in the loner vessel. Here tlie heavier car- 
bonic acid attracts, and compels the adhesion of the lighter 



The consequence of this law is, that the great atmo- 
L Bpheric envelope of this planet ia kept always in the same 
■ atate; — those noxious exhalations which are constantly 
■.arising from the operations of animal life and from the de- 
f composition of organic matter, and those gases which are 
mtinually being ponred out during many of the proceaaes 
of manufacture, and which would lodge near the surface 
I of the earth m virtue of their gravity and of the attractive 
force of the solid surface of this sphere, and thus produce 
. atmosphere which would be destructive to life, are dif- 
' fused through the whole extent of the nir, and by dilution 
I rendered harmless, until they are removed by the opera- 
tions of chemical forces which resolve them into new 
forms of matter. 

It has been shown by Professor Graham that the some 
phenomena of diffusbn hold through all liquids ; and all 
soluble salts appear to be mutually difiusible, but with 
' different rates. The diffusibility of a variety of substances 
[ kaa been carefully eiamined. The following are some of 
■ the results, 30 parts of the substance being always em- 
I ployed in 100 parts of water. It should be stated that 
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tbe salt of which the rate of diSiision 
is ooEtained in a wide-mouthed bottle, 
hrge Teasel of distilled water, through 
the rate being ascertained by examining, 
the quantity of the saline matter in s 
entile mass of the liquid. 

The quantities diffused are expressed : 



to he ascertained, 
bicb 19 placed in a 
, whiph it diffuses, 
at given periods, 
ny portion of the 



Chlaride of Sodiam (Conm 
Sulplmnc Acid in water 
Sulphate of Mugneaia 
CrjBtaUised Cane-Siigar 
Stardi Sugar 
Gmn Arabic 
Albumen . 



a Salt) 



27'42. 
28-74. 



303. 



J 



The remarkably low diffusibility of albumen may be 
traced to a prorision for retaining the serous fluids within 
the blood-vessels in the Hviug organism. 

When salts having different rates of diffusion are com- 
bined, they dilTuse out into the surrouuding watery atmo- 
sphere according to their own rates, thns breaking up che- 
mical combination. —A pleasing example of this is afforded 
by thebeautiful blue solution, araroonio- sulphate of copper. 
This deep-coloured fluid being placed in a watery atmo- 
sphere, parts first with its sulphate of ammonia, leaving 
behind in the vessel a pale blue sulphate of copper; — as 
we see the rich colour of the solution fading, we may detect 
uumonia in the water, and satisfy ourselves 
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at tbe same time, tliat no sulpliate of copper haa escaped. 
In this way, no doubt, maay important chemical deeom- 
isitions are constantly taking place in nature. 
A few remartable cases of the actioa of adhesion 
between solid, but slightly porous substances, and fluids 
and gases, remain to be noticed. These are usually em- 
braced under the terms exosinose and endosmose, an im- 
pulse varying in degrees of force. When two liquids 
separated by a porous diaphragm, 
each of them permeates the diaphragm to mix with the 
other, but cot at the same rate. If we tie a wetted 
bladder over the mouth of a 
funnel, and, having SUed it to ( 
tain marked line with a solution of 
table salt, place it, inverted, in a vessd 
of water, so that the level of the 
fluids m each exactly corresponds, the 
water wdl flow in through the 
phragm and elevate the saline solution 
considerably, whUe the level of the 
uter IS lowered ; at the same time some 
of the salt passes out of the funnel 
miTces with the water ; but the current 
flowing m is much the strongest, and 
hencenained by Dutrochet the endoataote 
current the weak one circulating out- 
Endosmose proceeds from water 



ward bemg the 

to all kinds of salts mcreasiiig in force with the strength 
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of the aolntian ; it diminishes as the solution becomes 
diluted, and ceases when the two fluids become of uniform 
densi^. From water the rate of endosmose varies to dif- 
ferent salts, it being strongest towards the salt ot the 
head of the following table, and weakest towards tbe last 
on the list.— 

Chloride of Copper, 
SalpiiitB of Iron, 
Snlphatt of Copper, 
Muriate of Soda, 
MniiBtE of AmmatuB, 
Chloride of Iron, 
Cyanide of PotDaainm. 

With Protochloride of Tin, Nitrate of Silver, and Chloride 
of Gold, when animal membrane is employed, no endos- 
mose occurs, owing to the mutual decomposition of the 
salt and the organic matter. 

"With caoutchouc, porous earthenware, bated clay, 
plaster of Paris, and many other bodies, these impulses 
have been observed. The same general law is maintained 
in all cases, the order or rate of endosmose vnrjiog with 
the adhesive force of the solid employed, for the liquids 
or gases with which it is in connection. A caoutchonc 
bottle, filled with ether and carefully closed, gradually 
empties itself if placed in alcohol or water — if filled with 
alcohol it distends itself in ether, but empties itself in 
water — if filled with water it distends when placed in 
either alcohol or in ether. 
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If a glu39 filled with alcohol is tied over with a. Iiladder 
md placed under water, it swells up to such an extent, 
^that when the membrane is pricked with a needle, the 
Ivkohol spirts out in a long stream. 

I bladder containing equal parts of alcohol and 
"Water be hung up in the air, the water will gradually 
I escape through the membrane, leaving the strong spirit 
I behind. In the same manner, if proof spirit is placed in a 
■*ine-glasa covered with bibulous paper, the water eacapea 
Tand the spirit increases in strength. 

The importance of these conditions of matter are pecu- 
V liariy exhibited in the animal economy. It is manifest 
I. that all nutriment taken up by the body, reaches its in- 
l.terior by passing throwjh animal membrane in the fluid 
I state. Tlie food we eat passes first by the mouth and 
igus to the stomach. TJie thick sheathing of the 
f throat does not admit of tjie p?JSage of fluids through it. 
I In the stomach, however, and the intestinal canal, the 
I membranaceous linings allow of endosinose nctiou, and 
ft'this is, in consequence, energetically going on within us. 
I A consideration of these pheuomena operating to produce 
I the due distribution of the necessary matter to supply the 
I waste of the animal system, fonns a most instractive 
e for the mind, and proves to us the extreme sim- 
I plioity and beauty of an arrangement, by which one of 
f the most exalted of natural phenomena is produced. 

By this pecubar property of matter wo may also ei- 
1 some of the conditions which belong to the dis- 
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tribab'on of springs, these being in many instances due 
to an endosmose action, set up by a porous mass of 
earth or clay. If we divide a vessel with a wall of clay, 
and place pure water on one side of it, and saline water 
on the other, their respective levels will be very speedily 
altered ; and this is more decidedly the case, if the arrange- 
ment is included within a voltaic circuit. 

Heat acts in direct opposition to all these modifications 
of adhesive or cohesive force, and its tendency is to sepa- 
rate the particles of matter as far as possible. 

With this knowledge of the influence of caloric^ — as the 
cause of heat is called, — we can understand that liquidity 
and solidity are due to the lateral adhesion of the particles 
of matter; this adhesion, regulated by calorific repulsion, 
being always proportionate to the degree of solidity. — In 
a liquid the particles are so loosely adherent that they 
move more freely around each other ; whereas this freedom 
of movement is not discoverable in a solid. 

When a solid is extended or bent, it is clear there must 

be a disturbance of the particles, although the force ap- 

A plied may not be sufficient 

^llJ^Xiiii i^ to destroy the cohesion. A 

B metal bar which has its 

CSSBSnrmm particles arranged thus — a, 

fig. 15 — is extended — let us 
suppose drawn out into 
^ig- 15- wire, — we may infer that 

these spherical particles are more or less extended, as b. 
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They adhere laterally, but tliey ore drawn out of tlieir origi- 
nal form. A similar disturbance of tlie arrangement would 
take place upon bending the bar, as at c : the large porticm 
of the particles on the outside of the bar would suffer ex- 
tenaion, whereas those on the inner circle would be com- 
pressed. If we pass the limits of adhesion between ths 
particles, they fly asunder — the body is broken — cohusioB 
is overcome by mecbantcal force. It appears probable 
that in all bodies there is an arraugemcnt of particles in a 
definite order. The molecules, or primary maaaea of atoms, 
of different strata have been tiiought to be variously 
formed, and iu obedience to their order of formation their 
order of arrangement and aggregation occurs. ThiS' 
scarcely admits of direct proof, but we have numerous 
indications which would lead us to believe that such 
may he the caae, even in sedimentary deposita. A body 
in a liquid or aemi-liquid state being allowed to arrange 
itself slowly into the aolid form, acquires a very symmetric 
order of arrangement — it crydallwes. The metal bis- 
muth offers a very beautiful example of this ; but any 
of the metals cooling slowly will exhibit a crystalline 
stnictore. It is probable that the httle sphere, the ulti- 
mate atom, attracts with varying degrees of force along 
different linea. As our earth has magnetic polea, and 
exhibita lines of varying intensity of attractive energy over 
its largo surface, so may the iittle unit of matter bare 
polar disposition, and, in obedience to this, the tendent^ 
of the other atoms to adhere along defined lines. 
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eaJeavoured to be shown in the annexed 
woodcut, which arrangement applies to 
any other form of iryatalline atmctiire. 
It must, however, 'be understood, that 
we yet want the proof that this force 
ia magnetism ; the illustration h inten- 
ded to be merely analogical. 

Mr. Brunei has proved, thet if we 
break a bar of iron by a series of dull 
Fig. 16. heavy blows, it will present a fibrous 

structure, as though it was a bundle of wires bound into 
a bar. Here we appear to have the condition of the alow 
drawing out, and alteration of the form of the atom ; each 
one clinging to the other, bb vre have supposed them to do 
in the wire. If the same iron is broken by a very sudden 
blow, the fracture is crystalline ; the rapid t^turhaace has 
at once destroyed the adhesion of the atoms along the 
weakest lines, or those at which the molecules unite 
together. This fact appears to show that wo are not to 
conclude, because a substance breaks with an irregular 
fractare, that the arrangement of its particles is irregular. 
Every solid body is either amorpkovs, — that is, formed 
by tie mere aggregation of particles into a mass, — 
u sandstone, niBrble, clay, and such like bodies; or cryj- 
tailme. as the diamond, quartz, Iceland spar, &e. ; and 
jet it must be remembered, that both conditions result 
equally from the action of the adhesive forces which we 
have been considering. 
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Many bodies are Imotra to exist in both states. Cation 
a amorphous in coke and lamp-black, it ofleu approaches 
to a crystalliue form in graphite, and is beautifully crys- 
tallized in the diamoud. Sulphur is sometimes in one and 
sometimes in the other condition. These curious pheno- 
mena belong particularly to the physics of chemistry, 
and are only mentioned in this place for the purpOBe of 
directing attention to the consideration of the different 
states in which we find ponderable matter, it being im- 
portant that the raind should be fully impressed with the 
differences in arrangement, indicated in particular cases 
of inorganic and organic formation, as they are presented 
in nature. 

If we take a section of the crust of the earth in any at 
those districts in which the rocks are of that description 
which would Ije formed by the slow deposit of matter carried 
by rivers, or otherwise, into a sea or lake, — as, for instance, 
in the sandstone districts of our own country,— these rocks. 



/// 



although presenUng hues of deposit, disturbed and often 
contorted by some movement during, or subsequent to, 
their formation, present an amorphous condition , and 
even the igneous rocks, which hare been forced through 
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the sandfltoncs, as at a, a, a, in a nidted state, are often an 
aggregntion of particles, without any cryatalliiie arrange- 
raent. 

Where matter has been held in solution by water, as 
b the larger caverns and immense chasms of the earth's 
rooky shell, from which it bos slowly passed into the 
solid form, it invanablj assumes the cryetalline <lisposi- 
tion ; and we have thua presented to ns forms of exceed- 
ing beauty, observing the most perfect geometrical laws. 
Matter, also, which baa been kept in a fluid state by heat, 
— held in solution, we may almost aay, by that element,— 
and cooled slowly, by which the molecules are free to 
arrange themselves according to even the weakest forces, 
assumes the crystnlline condition. 




Fig. 18. 

Id the accompanying woodcut are represented several 

forms of crystals, into which we find earthy aiid Ki«\,o)^ft 
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minerals arranging thcmaelves, and alao Borae of the very 
numeroua, and always cxquiaitely beautifid, forms of Irozen 
water, as exhibited to us in snow. In contemplating anj 
of these, we cannot but be struck with the idea, that we 
see in these harmonious arrangements, the first indications 
of the process by which inert matter passes into on. orga- 
nized state and becomes a thing of life. 

Such is Ihe disposition of matter, when left to the im- 
pnlsive power of those forces which appear especially to be- 
long to its unorganized state. When, however, matter is, on 
the surface of the earth, subjected to the subtile influences 
of those principles with which light appears to be asaO' 
oiated in the sunbeam, we have new forms and new sets of 
conditions. 

As a simple illustration of organic form, let lis select 
the leaf of a plant, and liom it eialt our thoughts gra- 
dually through the scale of living creation to the moat 
beautiful tree and flower, and from these, through the 
animal kingdom, up to Mao, the intellectual interpreter of 
Nature's volumes; yet all of them alike the result of 
ndheaive forces binding then* particles into those masses, 
the forms of which are determined by other powers. 
Many have been disposed to regard the formation of 
leaves, particttlarly in the lower forms of vegetation, as 
being analogous to crystallization. When we observe the 
beautiful arborescent forms of crystallized water upon our 
windows after a frosty night, we can well understand how 
a superficial observer might be led to believe that this was 
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tte case, particularly when be seea 
imitating the peculiar beautiesof 
our fern yegetation. The con- 
ditions are, however, esaentially 
different : a crj-stal, or any ar- 
rangement ot cryatals, is formed 
by the accietion of particles of 
matter on one uucleua, or on a 
series of atomic ecutrei, which 
act and react upon each other — 
ciystallization is the building 
up of a fabric by the adhesion 
of particles of matter to other 
particles already arranged in a 
geometric order, and 
easy methods by which i 
thus greatly increase the 
any artificial crystals, by i 
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Fig. 19. 



aiding the addition of fresh coatings of the substances of 
which they are constituted. 

Organic arrangetnent, — whether we suppose the inorga- 
nic particles to dispose themselves into a celt hy aggrega- 
tion, and these again by aggregation into tissue; or that 
they arrange themselves in sheets, of which sheets the cells 
are subsequently formed, — differs from crystallization in the 
great phenomenon of vital power, the mysteries of which 
we are not permitted to know. A crystal grows hy gather- 
ing matter from without— by collecting solid particles 
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on its solid faces ; a leaf grows by absorbing — breathing 
gaseous element — by 
in its cells 
(Pig. 20), and tbus adding by 
assimilation to its structure, 
under the influences of life 
excited by liglit and heat. 

Dependent upon the operations of the attractive forces 
we have been considering, are the tenacity, ductility, and 
elasticity of bodies. The vacyiug tenacity of some of the 
inetola is well shown by the following results obtained by 
Professor Moseley. — 

Tons. 
Wrougbt Irou in haramereil bara lias a tenncity 

per Bquare incb of . . . .30 
Cast Iron „ 

Cost Steel 
Copper, csbC „ 
SUvcr, CBft 
Gold, cast „ 

Platinum „ 

The same metals drawn into wires, owing to aome 
peculiar alteration in the arrangement of their particles, 
exhibit a higher degree of tenacity. Calculations being 
made from experiments on wires oue-tenth of an inch dia- 
meter, to bring it to sqnare inches, — the following results 
appear : — 



] 
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Tons. 

Iron wire 43 

Copper wire 27i 

Silver wire 17 ? 

Gold wire 14 

Tredgold applied a crashing force to one-inch cubes of 
matter, and ascertained the weight necessary to change 
their forms. These are some of his results : — 

Pounds. 

Wrought Iron 17,800 

Cast Iron 15,300 

Brass 6,700 

•Kn 2,880 

Lead 1,500 

Oak timber 3,960 

Ash 3,540 

Elm 3,240 

The most ductile of all bodies is gold : the extreme 
tenuity to which it can be beaten has already been men- 
tioned. The most perfectly elastic body with which we 
are acquainted, is glass, a thread of which can be bent 
repeatedly upon itself, and it will, when freed from the 
force applied, return again to its original form. The 
caoutchouc, or India-rubber, is a very familiar illustra- 
tion of an elastic body. The elasticity of a spider's web 
is of another kind, since its fibres will admit of being 
twisted to almost any extent, without, in the slightest 
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degree, exhibiting any tendency to regain their originsl 
position. These are examples of the exertion of the 
adhesive force under peculiar physical conditions ; and it 
will be readily perceived that by ascertaining the extent 
of elasticity in a body we get a measure of its cohesi»e 
power — its strength. It is highly important to attend 
to this in engineering operations. A bar or beam of iron, 
forming a girder or bridge, has n determinable d^ee of 
elasticity. It may be bent to a certnin extent, and when the 
force A. is removed it will return to its original horizoatality. 



■ A slight force beyond this does not break the bar, but it 
will not return after flexure to its former state ; it will 
take ipenaanent set, by which the limit of its elasticity 
I lessened, until eventually it is so far reduced as to 
ireak with a weight leas than that which it was At first 
able to bear. This power of hnrs of any subatanoe to 
reassume the form cut of which Ihey have been bent, 
is lost if the bar is kept for a prolonged period under 
\ strain. A bow, for instance, of either mcta! or wood, 
will, if kept fully bent, refuse to straighten when freed 
from a restraint which has been long continued. We 

I kam from this that the particles of matter, being 
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forced oat of their original positions in regard to eocli 
other, not with standing the exercise of the great force 
which U active in drawing them together, gradntdly 
asmme new poaitiona, and, the equilibrium being esta- 
bliilied, the whole remains permanently in its new form. 

The atrenffth of o body depends, therefore, 
upon some of those conditions of cohesion 
which we have been considering. The con- 
nection which exists between the particles 
constituting any body, may be broken by 
tearing, twisting, brealting, or by compres- 
sion, or the application of a sudden blow, 
which last acts by vibration or tremor. The 
ahioluie strength of any body is determined 
by the force with which it resists being torn 



Fig. S3. Fig. 24. 

asunder when stretched lengthwise (Fig, 23); the rela- 
Um ttrengtk is the force it opposes to hreaUng, this force 
being applied at right angles to its long mis (Fig. 33). 

It must be understood that many apparently t riflin g 
cooditions materially alter the amount of force necessary 
to destroy cohesion. For esample, if the beam in Fig.Sl 
simply rests on both ends, a body auspeuded from the 
centre will break it, of only half the weight of that re- 





GmMTiTATios.—Janetim «* MmUle dJttaiiat. Iftbe 
itne. Uw pkysicBl ptcvltamws of which we are consi- 
hnn^ is thiown into the tax. h Ms back again to the 
earth. We hate seta thai each particle of matter clings 
lo, is attracted by, and likenifc attracts, other particlea, 
d this force we call Cohesion, or Aggregation j anc 
LTD that it is eierteU with degrees of force, vaiying with 
the peculiarities of the particles, coustituUng the body. 
It is different for a mass of iron and a lump of chalk ; 
theK is a wide range in the operations of this force as 
exhibited in the mass of a granite rock and thti mobile 
particles constituting the atmosphere. But it sigt 
not whrthcr we throw a. pound of iron or a pound of 
chalk intt) the air ; they are each alJVe drawn back to the 
enrtli with the aauie velocity. The force is eierted equally 
iipim all hndiiis without re-ference to their physical i 
cUeiiucal constitution, and by it, the disposition of earth, 
Watt-r, and air, in their positions relatively to each otha, 
vn doterminnd. 
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The world upon which we live being nearly a sphere, it 
would appear to unaided reason, previously to the observa- 
tion being made, that, supposing four men standing at tlie 
four cardinal points of the earth, east, west, north, and 
south, should suspend any heavy weights, left free to move, 
these weights must hang as is represented by the dotted 
lines and balls. If we fix four weights in this way 
to an artificial 
globe, the annex- 
ed diagram re- 
presents exactly 
whatwiilhappen. 
If, however, at 
any part of the 
great globe itself, 
we let friio in the 
air any body, it 
will fall directly 
^'?' ^- to the earth, and 

not only so, but it will tend towards the centre of the 
f^ant, as is shown hy the direction of the arrows. 

If ahall is set free from the hand it faUs to the floor — 
this is a truth proved to us by every day's experience. 
What is the cause of this? Why does not the body, 
whatever it may be, fall off into the air ? We should, in 
dwelling on these questions, remember that in the revolu- 
tions of our globe, with its oblique asig, our positions are 
altering relatively to the centre of the earth and the 
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space beyond it, — that though at one period, standing at 
a, it would appear certain to us that a boll should fall to 
OUT feet, yet when at 
line of the fall is not b 
tainly indicated to the com- 
mon idea. Again, that al- 
though to an ignorant man 
at c nothing ia more self-evi- 
dent than that the stone 
should full to the earth, it 
is not quite so clear to him 
that a stone set free by the 
man at d should not fall off from the earth. 

Were there not some restraining power, it is erident that 
a body projected from the earth's surfaee would not re- 
turn to it. If, however, a ball ia fired irom a caimon, oi 
a mass of matter is thrown off with still greater force 
during a volcanic eruption, to any elevation into the earth's 
atmosphere, it falls bock again, along a curved line, to the 
surface. The power compelling this is Gkavitation, 
some of the laws of vf hich must now be examined. 

If we place upon water, in a smooth pond, two floating 
bodies at certain distances from each other, they wUl be seen 
to approach, slowly at first, and eventually to rush rapidly 
together. If they are of the same size they will move at 
equal rates; but if one body is considerably larger than 
the other, the smaller of the two will be seen to move with 
the greater velocity, its rate being in an exact relation to 
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the difference in mass between it and the larger body at- 
tracting it. In the same maimer, two i;tobules of mercmy, 
placed on the polished surface of glass or iron perfectly 
level, moTe towards each other, and at last flow into one. 

Cavendish instituted a very beautiful esperiment for meo- 
■niing the attraction of masses, which has been more re- 
Gcntly repeaf<?d by the Lite Francis Bailey. This esperi- 
aesit consisted in fixing a large mass of lead in such a man- 
ner, that the amount of attraction exerted by it upon a Ught 
body was most accurately measured. From the deter- 
minations thus obtained — comparing the attraction exerted 
by the mass of lead for the lighter body (the relative 
weight and size of each mass being accurately known) 
with tlie attraclire force of the earth, — these philo- 
sophers deduce that the mean density of our planut ia, 
■OBording to Cavendish, 6'4a times, and accordiag to 
Bailey, 6'67 times, that of water. 

The great law of gravitation, so fully developed by Sir 
laaac Newton in his 'Principia,' is, i/mt every parikle qf 
vtatter is allracted by, or grasitaUs to, every other particle 
(^Matter, mih a force int»iely proportional to the square* 
of ikeir' distances. 

Upon this is founded those great deductions from ob- 
Berrations by which it is proved that the planets of our 
q'Btem move around the sun as a focus, under the general 
iifltieiice of gravitation ; the force by which the plaiet 
movea, varying inversely as the square of the distance 
from that focal point, or centre. 
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At the sume time, we must not conceive gravitation a: 
power acting only from the centre of a mass ; since eveiy' 
particle of matter has u gravitating power towards every 
other particle constituting the whole. By 
conceiving a single particle of matter draw- 
ing aroiuid it other particles bj their 
mutual attraction, we shall see that the 
Kg. 36. consequence muat be a sphere. And Newton 
has shown, that a spherical body acting upon a distant n 
with a force vaiying as the distance of this body from the 
centre of the sphere, will produce the same effect as if 
each of its particles acted upon the same body according ta^ 
the same law. A little careful consideration of the above 
diagram will aid the mind in comprehending this resolatiOB. 
of a number of smaE forces into one. The bodies of the solar 
system ate nearly spherical : and it matters not whether 
they are of uidi'orm density, or made up of layers gn 
vaiying in density — these bodies act upon one another 
according to the sum of the attraction of all the atoms 
constituting the mass ; and this force is exerted as if from 
so many centres of attraction. Thus, each planet acta: 
upon the sun and on cveij other planet, with a force ex- 
actly proportionate to its mass, and inversely as the squaiei 
of the distance between the centres of the spheres. Thia 
attraction is measured by the space through which iti 
draws a body in a givea time. The attraction of ona 
body upon another does not depend upon the mau qf 
ihe body vshich i» atlraoled, but is the same, whatever 
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be the mass of the body so attracted, at the same dis- 
tances. If the Earth and the Sun were equidistant from 
Jupiter, the influence of that planet would be the same on 

Q^ each, and would draw them 

\ through the same space 

in the same time. Again, 
this attraction is proportio- 
\ nal to the mass of the body 

which attracts^ if the dis- 
tances of the different at- 
Kg. 27. tracting bodies be the same. 

Supposing the Sun, which is very much larger than Jupiter, 
to draw the Earth through a given number of inches in a 
second, Jupiter, being at the same distance from the earth 
as the Sun, would draw it through a considerably smaller 
space in the same time. 

Throughout our own solar system — ^throughout the im- 
mense universe sprinkled with systems of worlds — this law 
of the action and reaction of gravitation knows no excep- 
tion. The moon is held to the earth, and all the satellites 
are bound to their respective planets, by this force. The 
gravitating power of the sun chains all the planets of our 
system in their orbits; and the solar system itself is 
moving in a large orbit, under the attracting force of 
some centre far off in space, in obedience to this all-pre- 
vailing law. 

It was shown by Newton, that the only curve in which a 
body could move, when acted upon by a force varying in- 
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versely as tie square of the distance, must be a 



.s aome notice of those cui 
recurring in the stndy of Phjsic 
to explain them in this place. L 
cularly to the base, the section i 



23 must be cootiauailf 
it is deemed advisable 
Tfe cut a cone perpendi- 
a triangle (1). If cut 
parallel to the base, it is a circle (2). If the section is 



made obliquely, the c 



1 ellipK (3). If the sec- 



MM4 



tJDD be made parallel with one side of the cone, the cam 

f is called a parabola (4). If we cut the cone parallel to 

the axis perpendicularly from the vertex, malting a greater 

I angle with the base thnu is made by the aide of the cone, 

I the figure obtaiaedis a hyperbola (B). 

Supposing the sun's place to be at a (Fig. 29), and that 
a body was projected from a in a direo- 
tion which would be the line A B, if inde- 
pendent of the sun's 
attractive force, it 
would, under the in- 
fluence of that force, \^ 
move in an eUipst 
as ACDE, or w)m< 




Fig. 29. 



Pig. 80. 
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other conic section. An ellipse may be formed easily bj 
placing two pins in a board as at a, e (Fig. 30), and carry- 
ing a string, c, with a pencil, steadily round them. 

We must not forget the harmonious arrangement of the 
planets of the solar system, by which the stability of its 
raoTcments is permanently secured. Laplace demonstra- 
ted, that whatever may be the masses of the planets, owing 
to their moving in orbits of small excentricity, nearly in 
the same plane, and all in the same direction, from east to 
west, their inequalities of motion are very limited ; and 
these oscillate about a mean line, the deviation of which 
can never exceed a certain very small quantity. The earth's 
ediptic, tor instance, will never coincide with the equator, 
and, accwding to the same high authority, the extent of 
the variation in its inclination cannot exceed three degrees. 
Another provision to secure the stability of this great sys- 
tem of rolling worlds, is, that those planets nearest the 
smi have the largest excentri cities and the smallest mosses. 
The mass of Jupiter is more than 3,000 times greater than 
the mass of either Mercury or Mars ; cousequeutly, the 
gravitating force of tliis large planet and of the othera 
beyond it ia exerted, aa a balance, against the force which 
is centered in the Sun. This orb holds all these huge 
mflsses chained to it, under the influence of gravitation: they 
would eventually fall into that orb, but for this restraining 
balance of power. In the accompanying diagram (Fig. 31) 
A portion of the Sun's circumferouce is shown, and the 
phmets Mercurj', Venus, Earth, Mai's, Jupiter, and Saturn 
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with its rings, in the order of their distances from tl 
and, as nearly as possible, of theii relative sizes. 








b 

^M 31 

^^H By B knoniedge of this universal law, the astronomer 

^^H is enabled to determine the weight of 

^^M surface of the snn and planets, and to calculate the 

^^H quantity of matter contained in the sun, or any planet 

^^H having satellites, and to determiue the density of the' 

^^^ matter of which they arc composed. Newton, by this law, 

^^H proved that the same body would weigh twenty-three times' 
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as mudi at the surface of tlte sun as it does at the surface 
of the earth ; that the earth had a density four times 
greater than that of the saa ; and that the plauets In- 
creased in density as their distance ftom the centre of our 
system was enlarged. The recent discovery of Neptune — 
an honour for which the two proudest nations on the earth 
contend — has given the utmost degree of eonfirmation, 
were any wanting, to the uuiversalitj of gravitation and the 
trath of the laws developed by Newton. It was observed 
that the planet Uranus suffered some disturbance in a 
oertain portion of her orbit. Perturbations were observed 
in the line of her path, which could not be referred to the 
influences of any known attractive force. In the midst of 
this difBcuItj, two young men — Adams in England, and 
Le Terrier in Prance — assumed the existence of a planet 
beyond Uranus ; — from the amount of the perturbations 
they calculated the position of this hypothetical mass, 
determioed that those irregularities could be accounted 
for in this way, and that, if the law of gravitation was 
trae, at a given time, near a certain point in the heavens, 
lie disturbing planet would he found. The astronomer 
brought his telescope to bear upon this portion of space, 
and the planet Neptune, lying on the outside of our system, 
was revealed to him. 

The intensity of gravitation is in direct relation 
mass of the attracting body. The sun is, therefore, in virtue 
of its enormous bulk, which ia some hundred tin 
^^m that of all the planets takeu together, capable of hold- 
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ing within its power this vastly distant planet — Neptune — 
moving many hundreds of millions of miles distant from 
the attracting centre. Yet this great force, so uuiveise- 
eitending, is employed to regulate a falling rain-drop. 

determined, in the first place by Condamine, 
that a lateral attraction was csert«d by mountains and 
other large masses of mattery and Haskelyue made some 
very conclusive esperiments on the attraction of the 
mountain Schehallion. This was to be inferred from the 
of mutual attraction which we have already named. 
If a plummet ia hung from the top of a tower or the edge of 
precipice, it wUl deviate from the true line, owing to the 
attraction the mass of the tower eserts on the lead. This 
too slight to be observed in the ordinary way, 
bat the fact is susceptible of proof. 

Ab the earth rotates from east to west, each point of her 
surface describes an arc proportional to its distance from 
the axis ; therefore a failing body has, from the beginning 
of its fall, a tendency towards the east : that is, if a * is 
^ is a well-ascertained perpendicu- 

lar, and a body is set free to fall 
from a, the point b, being carried 
forwai'd by the earth's rotation, 
the body will fall along such a 
line as ac. Expenments of this 
class have been made by Gugliel- 
mini, Benzenberg,Eeich,and Oer- 
sted, which give a deviation to tbe 
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eoatofthetrueperpendicularof 3'95 French lines. These 
results have been tMnfirmed by experiments in some of 
the deep minea of Cornwall. Beyond tliia, a deviation to 
the southward of tlie true perpendicular has heen de- 
tected, which deviation does not admit of that easy expla- 
nation which the direction of the earth's motion enables 
ua to give to the former. 

All bodies mutually attract each other ; hence, sup- 
posing a mass to be approaching the earth under the 
influence of the gravitating power of our planet, the falling 
mass is attracted by the earth, and at the same time the 
earth is attracted towards the descending body. 

This form of attraotiou is shown to ns b the most 
stn3dng manner in the pheaojoena of the tides. The height 
of the surface of the sea at any given place, will be ob- 
sored to be liahle to periodical variations, which will he 
{simd to connect themselves with the alterations of the 
position of the moon relatively to that place on the earth's 
ntrface ; and in some measure also to those of the sun. 
There are three oceanic tides to he distinguished. The first 
iind occurs twice a day ; — the second, twice a mouth ; — 
(he third, twice a year. Every day, near the time of the 
moon's passing the meridian, the sea is elevated, and it is 
taid to be Aiffk vxiter. This elevation subsides, and it 
neachea its lowest point in about six hours : its point of 
greatest depression is called low water. As the moon 
pBEsea the meridian below the horizon, another elevation 
mxnirs, so that we have the ebb and flow of the tide twice 
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Eveiyday; the time becoming later each day by about 5 Of 
I minutes, whicli is tlie excess of a lunar day above a solar 
— 38-J- of the former being; tieariy equal to 39^ of the 
[ latter. 

At the times of the new and Ml moon the tidi 

' very sensibly affected : these are called spring, producing 

the highest and lowest water, and neap tides, which neiths 

\ rise so high nor fall eo low. The increase of elevation is 

' more atriVing when the moon is in its perigee, or n 

point to the earth. The greatest elevation of the tides 

rs at the time of the equinoxes ; so that the waters an 

drawn up to their maximum tidal height when a new or 

faU moon happens near the vernal or autumnal equinox, 

while the moon is nearest the earth. 

These remarks have reference to the tides of the a 
I the tides of rivers and lakes are influenced by local ( 
L which we have not now to examine. Newton shows, 
\ (md the investigations of mathematicians have confirmed 




■tuB views, that the tides are the result of gravitatioa. 
e can well understand that a fluid free to move 
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would necessarUj be affected by an ottractive force, whicli 
would not produce any apparent iuflueuce upou a solid mass. 
Supposing the earth to be a fluid sphere (Fig- 33), it would 
alwuys be drawa up on that side which faced the moon, 
while a corresponding elevation would appear on the side 
most distant from her influence, and the greatest depres- 
sion would be equidistant from these points. 

Something like this may be regarded as the condition of 
the great oceanic tides, la eslimating the times and heights 
of the tides, we haye to consider the influence of the solar 
as well as the lunar attraction, — the latter being, however, 
always the most couaiderable ; and the investigation is 
complicated by alterations in the relative positions of the 
iun, the earth, and the moon, by the ever-varying depth of 
the ocean, and other causes — local attraction and winds. 

The atmosphere in which we move and live is affected 
by the attractive forces of the sun and moon, in a similar 
manner to the waters. The oscillations of the barometer 
ahow us the ever-varying height of the column of air; 
and the more complete observations of modem meteoro- 
logists are advancing rapidly towards the proof that 
wiial tidal waves, similar to those of the ocean, are pro- 
duced in obedience to the laws of graritating attraction. 

Such are the operations of this force in producing some 
great phenomena of nature. We must now consider the 
■ama power in its less striking but no less important 
influences. 

If a cannon-ball is fired from A towards B (Pig, 34),instead 
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Fig. 34. 



ofmoringBlong the line 
A B, it is, under the in- 
fiuenne of the earth's at- 
traction, forcibly drawn 
downward, and its path 
is aloag a line which is 
described by the para- 
bolic auive A c J and, 



although it has been moving onward from the impulse it 
received from the explosion of the gunpowder, it occupies 
exactly the same time in falling to the point c, as if 
the ball had been allowed to drop from the hand at a,,, 
and fall to D. 

Experiment has proved that a body fulls through space < 
with a constantly accelerating force; another form (rf 
illuatration will render this clear. Suppose ftwm a point a, 
about two hundred and forty feet 
above the earth, a ball was pro- 
jected in a perfectly horizontal 
line A B, instead of traversing 
this hne it would, at the end of 
the first second, be found that the 
ball had fallen 15 feet, and be at 
a ; at the end of the next second 
it would have passed onward, 
hut have fallen to J, 60 feet below the horizontal lino ; and 
at the end of the next second it would have fallen 185 
feet below the line, and be at c ; and thus it would move 




fig. 36. 
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forward, and reach the earti at d, 340 feet, in precisely the 
same time as it would have occupied in falling from a to c. 
The velocity of falling bodies ia measured experimentally 
by Attwood's macHne ; which 
consists of a pulley revolving 
round a liorinontnl axis fastened 
to the top of a vertical column 
about sevenfeetin height.Pig.36. 
A cord is placed over the pulley, 
haying equal weights at its ex- 
tremities, which of course, hang 
in equilibrium : but any addition 
being placed on a disturbs this ; 
aod supposing the weight 6, one 
ounce, ia placed on a, the mass 
put in motion will be the weight 
and its added burden, which 
mass will obey the same laws as 
in a free fall, but with an in- 
tenaitj diminished by the weight 
of the-connterpoise. If aajifree 
body the masafellfifteen feet in the first second, in the ex- 
periment with the machine it would only fall one foot. The 
weight 7i is formed as represented, that it may be arrested at 
ffly given moment by the perforated slide c ; so that we can 
determine, by placing it at different heights on the gra- 
dtutted scale, the exact rate of the fall for every second — 
the time being marked by the seconds pendului 




Fig. 36. 
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Numerous eiperimentB have been made upon foiling bodie* 
by Galileo, Grimaldi, DecballeB, and others, in vfaidl 
the resulta have been meaaured by a free fall from grea( 
devations. The spnces through which bodies fall, aft 
always smaller than theory indicates, owing to the 

b offered by the air to its passage, which ii 
accordance with the square of the Telocity. Since wtf 
cannot ascend far from the earth's surface to test tbc 
decrease of the power of the force of gravitation, we mayj 
without any sensible error, consider it uniform, and st^ 
that a body falls at the rate of rather more than sixteen 
a second of time. 

The height of a tower or the depth of a well may bt 
determined by letting fall a atone, and noting the numbw 
trf seconds which elapse before it strikes the ground oj 
the surface of the water. Then, by squaring the nnmbef 
of seconds, and nmltiplying the product by 16^ feet — B 
dose approximation to the truth — we have the height OB 
the depth required, nearly; (a sUght error, arising from tbc 
time required by the sound to travel from the surface d 
the ground or from the water to the car, always existing 

f which the calculated height or depth is imiformlj 
made a little greater than the real.) 

All bodies falling from an equal height occupy the 
Bsmetime in falUng through a corresponding space. Whei 
we let go a feather and a lump of lead, the one floats on 
the air, and the other falls to the ground very rapidly^ 
e this (and many other examples might be given} 
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appears like a contradiction to the law. 
But it is not so : the feather floats because 
the air is heavier than it, and it cannot over- 
come the resistance offered. But if we place 
a lump of metal and a feather at the top 
of a cylinder exhausted of air, and liberate 
them at the same time, they will fall in 
equal periods. This interesting experiment 
is easily tried by the apparatus represented 
at rig. 37. Attached to the cover of a tall 
glass cylinder, from which the air may be 
withdrawn by an air-pump, are two brass 
shelves, tf, b, which move on hinges, and are 
^* ^ ' • kept in a horizontal position by the key c ; 

4 

on turning the key the shelves faD, and any bodies placed 
upon them are liberated at the same moment. 

When a body moves 
down an inclined plane 
or a curve, it acquires a 
velocity which will carry 
it up again on the other 
ade ; and supposing the 
moving mass to be un- 
opposed by friction, it 
would ascend to the same 
height on one side as it 
has descended on the 
other. In the pendulum Fia:. 3S. 
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we have an example of this. The ball of a pendulum, I 
weight suspended from a string, is rdsed to a (Fig. 38), and 
' set free : it falls with iacreasing velocity to c, under the 
influeuoe of gravitating force, and the momentum it hai 
acquired carries it onward to b. In the use of this instru- 
ment the whole movement of the ball from a to b i 
called an oscillation ; the curve from a to c, or from c 
a lemi-oacillalion. As the movements of the pendulum 
are strictly dependent on gravitation, it furnishes a Teij 
accurate instrument for determining the intensity of thii 
force. An example of this will render it apparent.— 

At Greenwich, a pendulum, to complete its oscillatioi! 
in a second, must be S9'1393 inches in length ; 
vibrate in half-seconds must measure 97848, or rathea 
more than Sf inches. If, with the same length of pendu- 
I lum, more time is required to complete the oscillation, i 
learn that the force which pulled the weight from a to d 
is lessened, or, if the oscillation is performed in less t 
that it is increased. On account of the form of the earthy 
i, a pendulum must be one-fiith of an inch longei 
at the poles than at the equator, to vibrate seconds. 

The laws of the oscillations of the pendulum should ba 
L fully understood. They arc, Ist, T&e duration qf c 
mUation is quite ind^endent (jf the tceu/U of Ihe ball, ot 
f iti nature. Whether we swing balk of metal, stone^ 
wood, or wax, we shall find the oscillations will havfl 
squal durations ; and whether the ball weighs a grain or 
oany pounds it signifies not, since in a mass every a 
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I OBcdllate 

Hferedb 



acts by its own grarity, so every atom of that mass will 
OBcdllate in tie same time as the mass. The resistance 
the air, of which we have already spoken, must 
e removed. Snd. SSe duration of tmall oidi- 
) qf the same pendulum U independent qf their jnag- 
ntiude. If the pendulnm begins its motion at a, the ac- 
celerating force is twice as great as when it is set free 
at d ; and if we take two pendulums of equal lengths, nnd 
liberate one at a and another at d at the same time, they 
will simultaneously arrive at c. 3rd. The durations qf tlie on- 
cillaiiona o/pendulumi of unequal lengths, are a» the square 



While a pendulum 



rooU of the lengths of the pendulums. 

four feet long makes one oscillation, 

another which is hut one foot in 

lei^h will make two ; and if such a 

pendulum moves in a given time 

three times forwards and backwards, 

anotlier measuring nine feet will 

make but one oscillation, Experi- 

meuta made with halls tied to mea- 

snred lengths of string will prove 

these laws. The mode in which a 

pendulum is applied to regulate the 

motions of clocks, is shown in the 

margin. The wheel a a is turned 

by a weight attached by a liue to 

the axis a, but added to the pendulum 

having a tooth at either end : the tooth is shown holding 
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I the wheel by one of its teeth at c ; the return of the pendu- 
I lum will, of course, liberate the tooth atc; at the end of ita 
I oscillation, the teeth will meet at d. The wheel moves 
f tooth at each oscillation, — thus the motion of the wheel 
sntirely regulated by that of the pendulum ; this ar- 
I nmgement being called an escapement 

If we conBider that all matter is inerl — that it bai 
I power to move itself, — and that the amount of merita is aa' 
I the quantity of matter, a greater force being required to 
i move a heavy than a light body, — we shall speedily see 
Llhe attraction exerted to move a mass of metal towards 
I the earth is as much greater as the diflercnce between its 
I mass and that of a feather. Thus, supposing a lump 
■ of metal to equal in mass 500 grains, and a feather to 
equal only B, one hundred times more force must be exerted 
Bto draw the metal to the earth than is necessary to occa- 
Ision the fall of the feather. We see a balloon or a soap- 
rbubble ascend ; atid a cork, or other light body, placed at 
the bottom of a vessel of water, rises 
Uirongh it and swims on the surface. 
This is n direct conseijuence of gra- 
vitation — the attraction of which, ia- 
creasing with the quantity of matter, 
draws down the denser air and water, 
and these compel the lighter bodies to 
ascend. Supposing a (Tig. 40) a glasa 
I globe filled with air, and a little fiiiid, 
so that it floats exactly in the middle 
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of a vessel of water, — we have an equilibrium esta- 
blished, and the pressure of the water on the glass is equal 
in all directions ; but if we add a few drops of a heavier 
saline solution, we shall see, as it sinks and mixes with 
the water, that the globe a is forced to the top of the 
fluid, owing to the exertion of the attractive force of gra- 
vitation on the denser fluid compelling it to occupy the 
place of a. 

Weighty then, is a property of matter produced by the 
attraction of the gravitation of the mass of the earth. 
Taking the instance of our lump of metal and feather, if 
we place the metal a at one extremity of a well-poised 
beam, and the feather h at the other, we shall find that the 
metal is drawn to the earth with a force exactly equal 
to the superiority of its mass over that of the feather. 

If, however, we 
tie on a sufficient 
number of fea- 
thers to produce 
a quantity of mat- 
ter equal to that 
A-., f^ "^^-^--^ of the metal, the 

equilibriima is re- 
stored — the two 
quantities are at- 
tracted with equal 
Fig. 41. force — the beam 

is supported in a horizontal position; we have, by a 
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pound or an ounce of lead, dctennined the quantitj of' 
matter in a pound or an ounce of feathers. 

Ab this force varies with the distance of the body to be 
weighed from the centre of the eartli, it follows that s 
mass of matter weighing a pound at the earth's stuface 
dimiuiahed in actual weight about a SOOOtK part, i 
three grains and a half, if it is weighed a mile above th 
surface. A thousand pounds of matter loses two poonda 
of its weight if elevated four miles above the earth ; anct 
if such a mass was carried to a distance equal to that o( 
the moon, or to he removed 340,000 miles from the earth» 
it would not exceed five ounces. We ace it sometimel 
' incautiously stated that the weight of a body on tiK 
surface of the sun ot the moon would be so much lesg 
I than on the surface of the earth. This is a very incorrect 

way of putting tie fact : the earth's attraction 

I mass would diminish relatively with the increased diatancoj 

] but from the influence of the gravitating power of the mt 

I of either of these other globes of matter, the weight of t 

body would not be determined by this gravitating force. 

Weiffht is the sum of all the gravitating iufluencei 

, acting upon 

-*— ■ in a mass 
matter ; at 
other word! 




of pressure er-| 
e body upon another. We take a 
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matter, in our hands and say it is heavy or hght according 
to the force with which it presses upon them. The instru- 
ments employed for tlie comparison of weights are steelyards 
(Fig. *2) and balances. In the steelyard a single weight has 
different values as it is moved along the one gradnated 
arm, which acts as a lever. In the balance — too famiUar to 
require illustratioo — the two arms should be precisely equal, 
and equidistant from the centre of suspension ; the scales 
being fi-eely suspended fi'om fixed points at the ends of the 
arms. Great attention is necessary in the adjustment of 
a balance, to ensure perfect accuracy; and where balances 
are required for very delicate determinations, the oon- 
tdraction of them becomes a most refined mechanical 
rmmvtion. Mr. Ramaden made balances of such accuracy 
that, though capable of weighing ten pounds, they would 
turn with one ten-millionth part of the weight in the scales. 
In this country our system of weights is not so well- 
defined as it is to be desired it should be. Two systems, 
Troy and Avoirdupois, are employed ; the former for weigh- 
ing gold, and as the apotbecaries' weight, whilst the latter 
is employed in all trade transactions, 

Troy weight, which is derived from the ancient name of 
London, Troy-Novant, according to the legend ol' Brutus 
md Corineus, and which has existed from the time nf 
Edward the Confessor, has 5,760 grains to a pound of 12 
ounces. Avoirdupois weight — the name being derived from 
aeoirs (averia), goods or chattels, aud^o('rf», weight — con- 
sists of 7,000 similar grains to its pound of 16 ounces. 
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I The relation which our measures of length and weight 

I bear to each other will be understood by the foUowing state- 

I ment, abridged from the act settiingthe Imperial System. — 

A pendulum which will perform its oscillation in a 

|:second from a to b at London, on a IcTet of the sea, and 

freed from the resistance of 

the aiT, IS taken, and the part 

uhich bes between the axii 

of suspension d, and the 

rentre ot oscillation e, is 

(Imded into 391,393 equal 

parts of these parts, 10,000 

niB be an impenal incli, 

.neive of nhicb make one 

foot, thirty-six of them oim 

yard. One such inch (onbio) 

I of distilled water, at 63'' of Fahrenheit's thermometer, is 

I taken and weighed : this weight is divided into 252,458 

l-equal parts, and of these 1,000 will be a grain. Ton 

I pounds, of 7,000 of those grains, of distilled water at tha 

le temperature, will be a gallon, which gallon will contAia 

[ S77 cubic inchesandabout one quarter of a cubic inch moie. 

Ill France, the gramme is the legal standard ; the 

I granuue being the weight of a cubic eetiUmetre of distilled 

I vater in its state of greatest density, namely eight degroes 

I above the frec;!iug point. The French standard of mea- 

e is the earth's meridian. The forty-miiliontb part of a 

;, forming the meridian passing through both poles, is' 

a meire. This is divided into 10 decimetres, 100 centi- 



[ ' ' c foot, 
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metres, aod 1,000 millimetres. Now, this cubic centimetre 
of water, 1 gramme, equals 15*44 grains troy, and one 
pound troy is equal to 373,202 grammes. 

Specific gravity, or specific density, as it connects itself 
immediately with weight, cannot be more properly con- 
sidered than in the present place, although many of the 
instruments employed in its determination belong espe- 
cially to Hydrostatics. 

Specific gravity is the relative weight of any body 
compared with an equal bulk of some other body ; and, by 
common consent, distilled water is regarded as the stan- 
dard of comparison. It fortunately happens that a cubic 
foot of pure water weighs exactly 1,000 ounces avoirdu- 
pois ; hence we have an easy system of calculation, since 
the numbers expressing the specific gravity of any body 
enables us to determine the weight of a cubic foot of that 
body in avoirdupois ounces. 

The following laws of specific gravity should be clearly 
comprehended. — 

1. In bodies of equal magnitude the specific gravities 
are directly as their weight. 

2. In bodies of the same specific gravities the weights 
will be as their magnitudes. 

3. In bodies of equal weights the specific gravities are 
inversely as the magnitudes. 

4. The weights of different bodies are, to each other, 
in the compound ratio of their magnitudes and specific 
gravities. 
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Archimedes appears to have studied with great care all 
the laws of specific gravity. If we receive the story of 
bb observing that his body displaced an equal bulk of 
water when he plunged into the bath, and that from this 
circumstance he was led to the discovery of the means of 
determining, from its specific gravity, the deterioration of 
the gold in Hicro'a cro«-n by the introduction of base 
ineuil, wc must not regard the circumstance in the light 
of a mere accident, since it is evident that the mind of that 
estrDordiniiry man had been devoted to the subject, and 
was thereby fitted to receive and profit by the hint natiu* 
gave him, which no other man would have so carefully 
observed. 

The mode adopted for BsocrfBining the speoifio gravity 
of solids will be easily 
understood upon consi- 
deration of the circum- 
Btaoces attending the 
immersion of the philo- 
sopher in his bath. 

If we had ascertained 
the eioct weight of Ar- 
chimedes in the air, nnd 
weighed the waterwhicli 
he had occasioned to 
I flow over the bath — 
that water being eiactlv 



equal to the bulk of his body, 




weight of 



w 



pondehable matter. 



a mass of water of ita size, und we have Llie relations of 
one to the other. 

The mode adopted, however, for obtainiug the specific 
gravity of a. hody heavier than water, is, to asoertain its 
weight in the air, and then, attaching it by a piece of 
horaobair to the bottom of a scale-pan, to place it in a 
vessel of distilled water, and weigh it, ns shown in Fig. 44 ; 
then aobtroct the weight in water from the weight of 
the body in air, and divide the latter by the diilerence. 

Thus a piece of roetal weighs in air 4094 grains. 

The weight of it in water ia -1048 „ 

Subtracting one from the other 46 „ 

Then dividing its weight in air, 4048 grains, by the dif- 
ference, 46 grains, we have the specific gravity of the metal 
(water being 1) given as 8 ; or, a cubic foot of water 
weighing 1,000 ounces, a cubic foot of this substance would 
weigh 8,000 ounces. 

When the body is lighter than water, it is usual to tie 
it to a heavier body, whose weight in air and water is 
known. The pair, as united, are weighed both in air and 
water, and the loss of weight ascertained. As we know 
the weight lost by the heavy body itself in water, we 
can readily ascertain the differences ; and by dividing the 
weight of the light body in air by this number, the spe- 
cific gravity of it is obtained. 

The specific gravity of fluids is arrived at with great 
^^^less by obtaining a bottle capable of holding exactly 
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ll.OOO grains, and, having counterpoised this, i-emoviog the 
■water and filling it with the fluid, the apecifiu gravity of 
Jwhich we desire to know ; then dividing the weight of the 
hy the weight of the water, the quotient is the 
hnimber required. 

- The apecilic gravity of fluids — aa, for example, Bpirita, 

I 'Which vaiy with the quantities of absolute alcohol and 

[ Water they may contain — is coavcniently ascertained hy 

■ means of an aerometer or hydrometer. This instrument 

lis said to be the invention of Archimedes. It consists of 

A hollow hall, with a weiftht beiow it, and a slender stem 

ahove it, which is graduated hy experiment to 

express the specific gravity of fluids by the 

depth to which it sinks. The ordinary form of 

this instrument is represented in the adjoining 

woodcut i and it will be readily understood, 

I that if it sinks in water to a certain line on 

i graduated limh, it would fall lower in 

I fluids which were lighter than water, or rise 

I above that line in those which were heavier. 

D| ^^^^^H It must always he rememhered, that in 

^^ ^^^^^H taking the specific gravity of any substance, 
^^^H ^^^^^H t-he water employed must be distilled, or, at 
^^^B^^^^^H least, hoiled rain-water, and maintained at a 
^^H *^'b-*5- Tuuform temperature of 60° Fahr.; or if this 
^^^B<»uuot be done, a correction must be made for the diSe- 
^^^Brence of temperature. Water expmids with every increase 
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of temperature above 40°, and consequently its specific 
gravity diminislies as the temperature increases.* 

To ascertain the true specific gravity of any body 
weighed in water, we have only, therefore, to multiply the 
specific gravity as found by that of the water at the tem- 
perature at which the experiment was made. A Table of 
specific gravities of the metals, stones, woods, fluids, and 
air, will be found at the end of this volume. 

Centre of Crravity. — The stability of bodies depends 
upon the adjustment of their centre of gravity. The 
centre of gravity is nothing more than the central point 
of parallel or equal forces. Thus, the centre of gravity 
of a sphere is the centre of the sphere itself ; but this is 
not the case in any irregularly-formed body, as may be 
readily proved by suspending such from two points by a 
string, when it will be found to arrange itself in such a 
manner that the continuation of the line of the string in 



* 'Hie following table shows the variation for tea degrees below 
and above the mean point 60^, when water is sp. gr. 1*000. 



TEMP. 


SP. GE. 


50 


1-00068 


51 


1-00063 


52 


1-00057 


53 


1-00051 


. 54 


100045 


55 


1-00038 


56 


1-00031 


57 


1-00024 


58 


100016 


59 


1-0008 


60 


1-00000 



TEMP. 


SP. GR. 


61 


•99991 


62 


•99981 


63 


-99971 


64 


-99961 


65 


•99950 


66 


•99940 


67 


•99929 


68 


•99918 
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the two erpuiinents Fig. 46, or the point where thea 
I two lines intersect, will mark ita c^itre of gravity. 





A wall slandB secure as long as the perpendicular drawi 

through its centre of gravity 

fnlU withlti its base. The 

Imiiiijg towers, of Fisa 315 

feet liigh, witli an inclination 

from the perpendicular of 12'i 

fcot, and of liologan, the height 

of which is 134 feet, and which 

R an inclination of nine feet, 

I— fOelebrated examples of this. 

' 'iutaiice, the lino in the 

farng diagram, from points 

i, falls within the base, 

it stftuds securely ; but *^'6- ^7. 
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supposing it to lepiesent a section of a leaning wall, and 
that &D attempt was made to caTry it a little higher to 
e, the perpeudicular line from r would then fall without 



the base, and the structure eould 
ifself. An oral body — an egg, for 
a plane, maintains a stable equilibrii 




no longer support 
ixample — placed on 
m while it rests on 
i(s side; but it is 
in a very tottering 
condition when it 
stands on the ex- 
tremity of its longer 
axis; — this is owing 
Vig. 48. to the difficult of 

placing it so that the line cutting the centre o!' graiiity 
may always fall through the base. 

la every movement of the body a man adjusts himself, 
by instinctive habit, to the necessary conditions. He 
attempts to rise from a chair ; — he draws his feet inward, 
tliat he may bring the anpport of the body into the ver- 
tical line passing through the centre of grarity ; thus to 
produce that instability of equilibrium which is necessary 
to the beginning of motion. If we suddenly check our- 
selves, having made the attempt to rise from our seat, we 
shall find that me have by no means placed ourselves in 
an easy position. If a man carries a weight in his right 
hand, he bends his body towards the left. If he has a load 
placed on his back, he leans forward ; — if he stood per- 
npright, the force drawing him backwards would 



^1^ < 
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mhe eiMsaively fatiguing; if, on the contrary, he has s 

■ Weight placed in his arms, he bends bis body bnckward, 
I And thue adjusta himself to the shifting of the line of 

■ Oquilibrinin, which we cnll the centre of gravity. In fact, 
; may regard this kind of udjustment as resembling 
e conditions of the steelyard ; — additional weight bein^ 

K added at one cud, we move the constant weight further 
I from the fulerura, and thus equalize the amount of mus- 
I cular force and gravitating power. If we place a roan 
I with his back and heels against o wall, and desire him to 
1 stoop forward and pick up a piece of coin placed at his 
e will find himself unahle to do so, or, if he per- 

■ severes in his attempt to bend the body, he will fall 
I forward ; were he allowed to throw out his leg, and thus 

a hroader hase, he would experience no difficulty j 
as in the examples we have already given, the 
■vertica! Une cutting the centre of gravity would still fall 
jwillun the base. This point has also been called the 
Wemtre of inertia, which term, thus applied, requires expta- 
RuBtion, It has already been explained that matter is 
I inert ; no mass of matter can move itself, or, il" in motion, 
ipend its progress. An equestrian at Astley's is 
r carried round the arena by his steed, his body acquiring 
I precisely the same speed as that of the horse; conse- 
quently, in performing the feat of leaping through & 
I drum, he has only to spring suflciently high, and Ue is 
I carried through the drum, in virtue of his inertia, at the 
■.same speed as the horse passes under it, and he descends 
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agun exoctl; on the saddle. If he added musralar force 
to tliroiv himself forward, this, added to his acquired 
relocity, would occasion him to fall ou the head or neck 
<rf the horse, and consequently endanger liim. We (rill 
suppose ourselves standing upright on the deck of a 
9t«amboat, going through the water at the rate of ten 
uules an hour : o»r bodies are moved at that rate, and if 
she was suddenly stopped, by a rock or any interruption 
to her speed, we should all be thrown down with danger- 
ous violence, since we have acquired a motion which aii 
inert mass cannot contra!, and consequently cannot sus- 
pend; for every moveable body — chairs, tables, and the 
like — will continue the motion they have thus acquired, 
after the speed of the vesHel has bern chenked. and 
they would receive a blow, as violent aa that which would 
be given to them supposing those things to be hurled 
forward at the rate of ten miles an hour. 

If we are standing in a carriage at rest, and the horses 
suddenly start off, we fall backward, because the centre 
of inertia, or of gravity, is, when, at rest, marked by a 
certain line proceeding through it to the mass of tiie 
earth ; and this line of force, not admitting of any instan- 
taneous change of direction, holds us along that line, 
and the carriage being dragged onward by the horses 
saddenly, we must fall, in obedience to this law. 



In looking through the cosmical arrangements, it will 
be soon discovered that a great number of remarkable 



GENERAL PROPERTIES OF 

■c directly dependent upon the exertion of 
Igravitating force, whicli acts by modifying the operation 
l<tf other forces, or by directly inftuencing the result. 
I The stability of the ocejin, for example, is secured, from 
^the circumstance that the mean specific gravity of the 
Biearth appears to be about five times that of water. On 
I Hiis point Laplace says, " In virtue of gravity, the most 
B deuae of the strata of the earth nre those nearest to the 
■ centre, and thus the mean density exceeds that of the 
ft waters which cover it ; which suffices to secure (he sta- 
m bility of the equilibrium of the seas, and to put a bridle 
W npon the fury of the waves." It therefore appears neces- 
r aary that the strata of the earth should increase in density 
with its depth below the surface ; but owing to Buper- 
I ficial disturbauccs this is not found to be strictly the caee 
I within the limits of depth below the level of the ocean 
I — about 2,000 feet — to which man has reached. 
I By the mass of the earth — that is, by the csertion of 
I gravity — is regulated the ascent of the sap in vegetables, 
I and also the circulation of fluids in the animal economy. 
I Under the influence of the capillary and epipolic forces, 
I which have ab'eady been mentioned, the roots absorb 
I fluids from the soil, and these fluids arc raised by an 
I enoimous power to the tops of the highest trees and the 
[ extreme ends of every brunch. It has been proved by 
I Hales, that a vine, at the season when the aap is ascending, 
I has the power of raising the fluid in a glass tube to the 
I height of twenty-one feet above an amputated branch. 



The weight of this column, amounting to several pounds on 
every square inch, is supported hy the operation of certain 
vital forces, which are adjusted to he in excess to the gra- 
vitating power ; and any alteration in tho amount of this 
force would, of course, oecusion such disturbances in these 
processes, as would be destructive to organic life. The 
mass of the eiirth also regulates the muscular movements 
of animals. If the force of gravity were increased by 
any alteration of the earth's density, the bird would no 
longer soar gi'acefully upon the air, the fleetest animals 
would become sluggish in their movements, and even man, 
unable to support his stately position, aud "gaze upon 
heaven with n forehead erect," would he compelled to 
crawl aloivly over the surface of his world j which would, 
from that alteration in its atmosphere, which must of iie- 
cessity follow any disturbance of the gravitating power, 
become to him a place of misery, and the labour of exis- 
tence woidd be rendered insufferable. However, so nicely 
are all these powers — which may indeed be regarded, with 
some others, as being antagonistic to each other — balanced, 
that harmony and beauty arc found throughout nature 
and the earth is established, under the guiduig operation 
of the universal power of gravitation, as the abode of ani- 
mals formed to enjoy the gladness of life or to rejoice in 
the blessings of a heaven-born intelligence. 

Gravitation has been spoken of as a universal power. 

s exhibited to us in the phenomena of the attraction of 
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one towards the other, the force uicreosing as the distanM 
between them diminishes. Coii we understand what the 
nature of this force isP We have been told, it is a pro- 
perty of matter, and some have been thus satisfied with 
definition signifying nothing; : l>ut the result of serion 
thought must be a declaration that vre know not -wbtt' 
graritation is ; and a close examination of ita pht 
appears U3 proire tlie existence of another physical poi 
of a more esalted character than graTitation, by which Sff' 
influences are controlled. At all events, the indications of 
science tend towards such an inference. We find Cohesion 
operating as an aggregating power, as a capillary and epi- 
polic force, regulated by the all-penetrating agemg' of Gi»- 
vitation ; and in the consideration of the mysteries of the 
molecular constitution of masses, we cannot avoid tho ia- 
dioationa of other great principles, or, at all events, of one 
other power, to which the known physical forces are bound 
in obedience, but which is still but the material ministef 
acting according to the will of the Great Omnipotent, 
maintaining the harmonious laws of the 



CHAPTEE II. 

THE GENERAL lilVS OF 11UII0^ 

i moat perfect exemplilioation of the pnmarv Ian of 

s the rotation of the earth itself The law as ex 

by Newton, is, [ihat a lodg at rest continues al 

\ and that a 6odi/ ia molioa goes on mooing vntJtout 

y ila velocity or direction^, imless compelled hy aome 

s foFces to change it. A bull dischiU^Ld Com a 

^does not move for ever, howaoe\tr f,r<.at may hate 

li the force by which it was laipellel Here wl have 

p,-tesistance of the air (fnction) and the pnwer of gra 

)n, acting estroneonsly to reduce the force of motion 

■ tiring the body to a state of rest. All motion is the 

t of some mode of force ; aad in the example of the 

^'a rotation, although we cannot clearly define all the 
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causes at work, there can be no doubt but its uniformity ia 
due to the constant eipeiiditure of acme eitemal force, 
Laplace's calculations show that it is impossible thnt a 
diA'ereuce of one-hundredth of a second can have taken 
place in the length of the day since the most remote 
tiqiiity. Now, although the earth's motion has b 
usually ret'en'ed to the fint iaw, this wonderful regularity 
appears to indicnle the operation also of the second 
and third laws of motion. These are — IfTiea a /Bret 
acts on a bo^g ia vtoUoa, it proiluees the same effect M 
if the aarne Jbrce acted oa a bodi/ at rest ; — and, W^Aen 
a force 0/ the nature of pressure produces motion, the oelo' 
eiiff produced is proportional to the force, other thingt 



Upon these three laws (which, indeed, the Prench redacf 
to two — the law of inertia and the law that foroa as^ 
velocity are proportional) depend the phenomena of alt' 
dynamical eifects. Since the whole science of Mcchanira 
depends on the laws of motion, it becomes most important 
to esamine the fundamental principles upon which theyi 
are baaed. This examination will require some accurate 
attention ; but the illustrations are chosen from the . 
famUiar objects, and the whole subject is rchgved as miidi 
as possible from metaphysical subtleties, which have, 
perhaps unavoidably, been introduced into the study of' 
mechanical philosophy. 

Motion has been defined to be the change of distance 
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in a right line between two points. Thus a and h have, both 



^ 
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being at rest, a certain amonnt of space between them : a 
force is applied to a, it moves to c, — a change of distance 
has taken place. 

Motion may be either relative or absolute, but in most 
cases close examination will prove that absolute motion 
is merely imaginary. A ball, for example, is propelled 
along the earth's surface from a to 5, we regard the two 
points a and b as quiescent, and 
hence this is a case of absolute 
motion ; but every point of the 
earth's surface is constantly 
moving in various directions, 
consequently, while the ball has 
been passing from a to d, the 
points a and h have changed, 
and the motion of the ball a 
is a relative motion, the alteration being shown by the 
deviation of the lines c c and d d, in relation to a point 
in space, a. 

When we say a body is at rest, we (correctly enough, 
as an expression of nil that our unaided senses can teach 
us) compare the body with other points, and relative to 
these its rest is absolute. For example, a cannon-ball 

G 




Fig. 50. 
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OQ tbe deck of a ship mailing down the uhatuiel, ia at rest 
AS compared with other bodies oa the same deck — an 
anchor at the bows and the steering-wheel at the stern ; 
but it is, equally with the ship itself, in motion as com- 
pared with two poiata on the surface of the globe, say 
Beachy Head and the Lizard ; and these points are 
themselves in motion by the earth's rotation and its 
movement in lis orbit around the sun ; and, again, the 
sun and its system of planetary worlds arc all moving 
at a rapid rate around a far distant centre. The result 
thus produced is called the composilioii of motion, or, the 
joint eil'ect of more than one motion ex.isting at the same' 
time. If several points move in parallel lines over equal 
they ai'C at rest with regard to each' 
pie of the ball, the anchor, and 

li is the movement of points in parallel 

Thus a T square being moved 

along the straight edge of a drawinjf- 

l)':iiir(i, its surface is in rectilinear 

nu>; I'lii, relative to the board. 

The rMult of two motions ia well 

' shown in the case of a caniage. 

travelling over a perfectly atraigM 

, .. . . I , I , ■ ihiLjo moves in parallel lines, a b (Fig, 52), 

with the road, but the rotatory motion of any point of 

wheels about the centre, at the same time as it is iaaw&. 
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called the oycloidj ode, and a 




Fig. 52. 



In the great work of Newton, the ' Principia,' the first 
corollary is, "a hody de»criie» ike diagonal of a parallelo- 
gram iy two foTcm acting eonjaintly, in Ihe some time in 
tohich it would deaerUe iU side» hy the same forces acting 
uparaiel}/ ■" that is, if we have two lines, a a and a y, re- 
y presenting the direc- 

tions and velocities of 
two separate motions 
and one force moves 
the point a to £in a se- 
cond, while the other 
^=^•53. lao^gg it from a toe 

in the same time, if both forces act simultaneously upon the 
point a, then d \vill be the place of the moving body at 
the end of any given time. This principle, known under 
the name of the parallelogram af forces, involves the im- 
portant doctrine of the retolution of motion,. Two rapid mo- 
tions opposing each other are resolved into a slower motion, 
and rest may result from two equal and contrary motions. 
c2 
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In iUustration, let us place a boat, b, upon a river, which ig 
mnning towards s, when the wind is blowing towardg the 
a . point N: snppoaingthat 

the stream would cany 
the boat A to tbe line 
n a in five minutes, bnt 
*\- 6*- that the wiud offers a 

resistance equal to one-half the force of the current, the 
boat will move by a diagonal b'ne, and only airivi 
points in that time. If the force of the stream and the 
wind are eq^ual, the boat wUl remain at rest, or in a state' 
of equilibrimn. A balloon, ascending by reason ol 
being bghter than the air, may bu brought to a state rf 
equilibrimii by tbe equii! influences of gravity and atmo- 
spheric resistance. A ship at anchor is held by her- 
cable and anchor in one direction, while the tide ia impel- 
ling her into another ; but unless tbe force of the latter is 
greater than the power — strength — of tbe former, and 
breaks it, she remains in a state of equilibrium. 

If we have three forces, and if each be equal, 
opposed to the resultant of the otber two, we produce 
statical equilibrium. Thus over two pulleys (Fig. 55), fixed', 
to vertical rods, we place a thread, and bang to the 
of each a, weight, say of two ounces, a, b, — we have thue 
two forces acting equally, and the string n-ill be drawn 
tightly across, and the weights will remain in eqiulU 
brium ; but if we hang a third weight, of two ounces, 
at c, the weights will be drawn up to e e ; bu 



weight of four ounces will 
bring tte poiat c lowur still, 
and the weights tod d; and 
we have three forces acting 
apon the points c c c, la 
diflereot directions, pro- 
ducing an equilibrium of 
forces in any definite posi- 
tion of the threads, which 
may be examined, by cans- Fig. 55. 

ing the pulleys to slide upon their uprights, or the 
vertical rods along their base. 

The importance of a clear perception of the parallelo- 
grsm of forces will be evideat when we reflect that the 
Ibws of equilibrium in all machines are derived from it. 




»MECHAHICAL POWEHS. 
9ie Inotined Plane, the earliest 
nan to effect the de- 
oompositioii of forces, 
must now be Ues- 
ciibed. If upon the 
plane c d, forming an 
angle x, we place a 
weight a, the centre 
ot gravity of the body 
1 no longer at right 



adopted by 




angleB to the plane, bat along the line y t, and conse- 
qnently it has not to support the full pressure of the 
weight. The gravity of the body is decomposed into 
two forces, one drawing it to the earth, acting at right 
9 to the plane and causing the pressure, the 
other acting parallel to the inclined plane, and forcing the 
weight down it. In lifting a body vertically from the 
arth, we have to overcome the full force of gravity, 
acting directly on it; but by rolling it up an inclined 
plane we are relieved from a lai^e proportion of this fonx, 
and thus are enabled to move great weights to a consider- 
able height with comparative facility. 

The inclined plane is of constant practical applicatioa 
amongst men, and it appears to have been bo from the 
earUest ages. An ignorant man might project a road 

r the summit of a mountain : now, beyond the force 
necessary to overcome the friction in drawing a heavy 
load u]) this steep incline, be must add additional force 
to overcome the grawty acting paroUd with the inclined 
plane of the road, which rapidly increases with its steep- 

), and consequently an immense expenditure of power 

ecessary to draw heavy loads up such an ascent. An 
informed man would see the advantage of making the 
road wind around the hill, by which he would be able to 

ve, with comparative ease, heavier bodies to the same 
elevation. 

The Screa is an inclined plane winding round a cylinder, 
3 will be apparent if we take a rectangular piece of ' 



OF MOTION. 



paper, whose length is equal to tlie circumference of a 
giaaa rod, and wind it around in such a manner that the 
horizontal side of tie paper shall form the periphery, a i, 





Fig. 67. 
of the base of the cylinder, the hypothenuse, as the hue 
c is termed, wiU wind around it in a 
uniformly ascending line, which line 
g marks what is called the thread of the 
screw, li n triangle is continued 
along the thread of the screw, we 
^?'^^- have a triangular thread, A (Fig. 58). If 

a parallelogram is cuntiniicd in a similar manner aronnd 
the cyhnder, we 
produce a flat- 
threaded screw, B. 
It need scarcely 
be explained that 
hy this simple form 
alone little me- 
chanical advantage 
is gained. If we 
force a screw into 



a piece 



of woodj 
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we shall find, upon remoring it, that we have cut a hollow 
spiral, exactly fitting the projecting threads. Such 
nrrangement necessary when we employ the screw to lift 
heavy weights, or to press forcibly upon any body, 
either case it will be found upon examination that 
have indeed one inclined plane moving upon another, bat, 
in order to avail ourselves of the advantages of the screwj 
we employ the additional power of the lever, which wiB 
immediately be described (T'ig. 59). 

When two inclined planes ate placed with 
their bases together, we have a triangular prism 
called a Wedge, which is sometimes employed 
to lift enormous weights to small elevations. 
The lai^est ships in the British navy are thus 
lilted, preparatory to Immching, by drivini 
great number of wedges at the same time imder 
their keels ; but this simple mechanical poi 
commonly employed for clearing wood, ■\ 
The power of the wedge increases aa 
its width or back diminishes. A very 
important application of the wedge, 
or rather of a combination of wedges, 
has been made by Mr. K. W. Tos, in 
blasting rooks. Around piece of wood 
isdirided, as shown, Fig. 60, into three 
parts, a, b, c\ the largMt wedge, b, is 
to be placed upon the powder tn the 
hole of the rock, and the two others. 



Fig. I 




a, c, arc dropped into their places ; a small hole ixins 
through them to conyey the fuse to the bottom, which, being 
lighted, communicates the iire, snd the explosion takes 
place. The wedge b ia driven with enormous force upon 
the wedges a, e, which resist it, and aince it becomes 
powerfully jammed, a greater lateral strain is exerted than 
by any other process, and a larger quantity of roek rended 
by the explosion. Catting instruments, needles, &c., 
familiar examples of the wedge. 

TkePulley consists, in its most simple form, 
of a thin disc, hollowed out on its edges, ^ 
and turning oa its axis, which passes through 
its oentre at right angles to its plane 
No increoge of pgwer ig gained by this ^ 
arrangement, but it ia often a convenieut Fig. B2. 
mode of applying force ; — it will be readily seen that 
to move the weight b at one end of 
the string, passing over the puUey, a 
greater weight must be applied at o. 
However, if we fasten one end of our 
cord to a beam a, and ptus it under 
the groove in a moveable pulley a, to 
which the weight we desire to raise is 
attached, and then cany it over the fixed 
pnUey b, we may lift a weight of one 
hundred pounds, by the application of a ' 
force eijuid to fifty pounds. To under- 
this, we must remember that the 
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weiglit ia supported equally by the beam and the power 
applied at rf; but the string at d must move through two 
inches to raise the weight at a through oue inch. Pulleys 
are usually compounded into a system coutsiiiing two or 
more single pulleys, called ilocia, and these frequently 
again combined in a compound system, of fixed and moT&- 
able blocks, as is represented in the aecompanjing section. 
If the line from the fiied point is traced, it will be 
seen to run under the moveable pulley a, 
over the fixed pulley b, under c, orer d, then 
under the larger moveable pulley e, and 
passing over the fixed pulley /, it hangs 
loosely at p. Here we have six lines to support 
the weight B, and every line acting with a 
force equal to one-sixth of the weight ; that 
is, if the weight is 130 pounds, each h'ne 
supports twenty ponnds of it, and therefore 
twenty pounds hung at ji would equipoise 
the weight B. Supposing a man exerting 
a power of three hundred pounds, pulling 
Fig. 04. at a string over a iixud pulley, as Fig, 62, 
could raise a mass of stone, six feet high, in a minute ; 
a child, exerting a power of only fifty pounds upon the 
compound pulley. Fig. 64, would raise it to the same 
height, but he would require six minutes to perform 
the task. It cannot be too forcibly impressed upon 
students, that, in all mechanical arrangements, whenever 
we gain power we lose time ; — the neglect or ignorance of 
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this fact has frequently led to great waste of both valuable 
time and hurd-eamed money. No pomer can be produced 
1 ejipenditiire qf force; and oi we muUiph/ tie 
I Iff applyiruf that farce, we regularly diminish the 
y qf iU actum. The dreama of producing perpetual 
motion have arisen from neglecting these never-varying 
Iflwa ; — it amouQts to a positive impossibility that we can 
ever obtain a self-moving, self-supporting power. Elec- 
tddty has been regarded as the most promising of the 
agencies to produce this desidemted wonder, but it will be 
ahovn, when we come to a consideration of this power, 
diat it never can be produced without some form of 
matter changing its condition. 

The Lever has been abready to 
in the balance. It is a 
straight inflexible rod, turn- ' 
ing round upon a fixed point. 
As a theoretical illustration 
of this mecbanical power, let 
ns return to our fixed pul- 
ley, but, instead of pulling tbe 
weight by the string over in 
the line a b, let us suppose we 
produce an elongation by an 
arm in the direction of tbe ra- 
dius, 03 cd: it will be apparent 
that we must obtain a means ^'B- '''''■ 

of applying an increased power. A steelyard represents 



1 



exteut illustrated 
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in practice the action of the lever ; the small ^weight in 
Fig. 42 rcpreseoting loi^r farces aa ita diatance from 
the iiilcnim, the poitit of suapensioD, increases. In a lerer, 
like the steelyard, with unequal arms, it will be obvions, 
on referring to the diagram, Fig. 66, that the rate at which 
its two eitremitiea move is very different, a b represents 
a lever moving on its fulcrum c. If a weight is placed 
at D, and the lever brought nnder it to raise it to e, ths 
one end describes the arc o b e, while the other mast 
move through the arc a f o j conseqaently a small weight 




L 



Fig. 00. 

moving tlirough a larger space, with an increased velocity, 

acquires a degree of momentum sufficient to overcome a 

much greater resistance at the shorter end of the lever. 

The iigure in the margin (Fig. 67) represents a lever of 

the/rsi class, having 

the fulcrum a at 

point between 

the power applied 

Fig, 67. ^, and the resistance 

the poker resting on the bar of the grate is an example. 
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lemon-squeezera 
hare : 



A lever of the 
teeond class is one 
wMcli has the ful- 
CTom at one end, a, 
the leaistance at an 
intermediate point, 
6, the power being 
applied at e. Cork- 
thia form ; and in rowing a boat 

A lever of the l/iird class is 
one in which the power is ap- 
phed between the fulcrum and 
the resistance A sugar-tongs 
well represents ihi^ form — the 
fulcnimhbing at a, the resistjmce 
a piece of sugar to he hfled 
at 4, the power, the fingers, 
apphed at 





The wheel s 




axle consist of the lever apphed in a 
moditiid form, by which great 
mechanical advantage is gained, 
as wdl he very appartmt upon 
esaniuiation. The wheel is 
a genes of levers, the spokes, 
bemg each one fixed on the axle. 
If the axle be elongated, and 
Ihe resistance to be overcome he 
placed upon this elongation, we 
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Fig. 71. 



have the windlass. In this the weight w corresponds to 

the force applied at A, in on 

inverse ratio to the length 

of the arms of the lever a. 

For example, if the radius a d 

of the wheel is four times 

greater than the radios of the 

axle b e, we equipoise a weight 

by a force oue-fourth of its 

power. If the stone w weighs 

iOOlbs.aforee equal to lOOlbs. 

applied at a will sustain it in equihTirium. The single 

r ordinary handle, of the capstan is to be r^arded 

. as one of the spokes of a wheel, and its power is increased 

^with its length. 

Friction. — In the operation of these mechanical powera 
re detect constantly the interfering agency of Priction. 
I'lhis is, obviously, nothing more than the exerciBe of 
lOohesioD and GraWtation, and, as an illustration of its 
■ force, let ns attach a stone to a string. To lift it from 
I the ground a cej-tain amount of force is necessary, but if 
e attempt to draw it along the surface we shall find that 
I the resistance is considerably increased, A horse will 
I 'draw one ton beside the cart, which may be half a ton. 
. common road ; hut if the cart and Load is 
Biplaced upon well-laid and smooth iron rails, the one horse is 
tmabled to draw from eight to ten tons. This great diffe- 
iB from the circumstance that the friction of the 
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rough road is infinitely greater than that of the iron raila. 
In the latter case the rubbing is mucii less than in 
the former. If a certain force be appUed to a body, to 
joopel it along the rough surface of a common road., the 
moving; body soon comes to rest ; if it ia sent along the 
froaen aurface of a river, the friction of the ice being much 
]esa than that of the ground, the body wUl move for a 
longer time, but even on ice it eventually comes to 
rest, owing to the friction which still exista. In the 
atorement of railway trains the friction of the air becomes 
a considerable impediment to the acceleration of their 
speed, the atraospberic reaistanco increasing with the ve- 
locity at which the engine and its train of carriages moves. 

This important condition serves to ensure the stahiUty 
of things on the surface of the earth; and to the holding 
force thus exerted between all surfaces, is due the firmness 
of the walls of a building. In every movement of man 
friction aids him. In walking or ruuniug, pulling or 
pushing, it assists. The foot is sustained firmly on the 
ground by friction ; — lessen this, as when standing on 
smooth ice, and how difficult is it to walk or run. The 
hand holds the rope or the pole firmly through friction, 
and if we grease them, to reduce this holding power, how 
small is the force we can employ. 

Whererer matter esists we have friction; therefore every 
body upon the surface of the earth soon comes to rest, 
unless there is a constant renewal of the force by which 
it has been moved. This friction, it must be repeated, 



;nekal laws 



^H 96 

^^H is the exercise of a sort of combined influence — a modified 
^^H Gondition of gravitatioD and cohesion. As bodies, firom 
^^H tbeir attennation, ex.liibit smaller degrees of gravitating 
^^H force, the Iricliou they exert rapidly leaseos, until, evea- 
^^f tnally, tbe condition of matter becomes so exceedingly 
subtile that the rule of friction appears suspended. The 
ether, which is supposed to pcn-ade all apace, must be in 
this condition, since no retardation or interruption of the 
I motions of " the stars in their courses" has occurred 
I during the long periods of ages which have elapsed since 
the Patriarchnl shepherds first watched them from the 
I hills of Chaldsja. 

Having now described the more important principlefl of 
I motion, — the modes of availiug ourselves of iacreasetf 
I mechanical force, — and the counteracting tendencies wl]ic& 
I constantly act to reduce moving matter to a state rf 
I rest, — it is necessary to consider, briefly, some forma of 
I' motion which are presented in the great phenomena of 
I Nature. It has been already stated, when considering the 
■■influence of the cohesive force, that any body made to 
f (evolve in a circle had a constant tendency to fly off irom 

J the centre of motion in a right 

>, iine corresponding to a tangent of 

the circle. A stone iu a aling 

A B is swung rapidly m'ound tha 

head ; it forms, as long it is held 

Fig. 73. at A, a circle, but the increasing 

ulenc? of the stone to fly off at a right line is felt as tbe 
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Telocity is increased, and if at any moment it is set free, 
it flies off along some right line, sls a b or a c. This is 
termed the ceidrifugal or centre-flying force, and any 
power compelling it towards the centre is called a centri- 
petal or centre-seeking force. The grandest operation of 
these conditions of motion, is to be discovered in the 
arrangement of our solar system, in which a number of 
worlds are moving around a centre — the sun — at immense 
velocities, having a tendency to fly oflF into space by the 
centrifiigal force, while they are restrained within exactly 
determined limits by the exercise of the centripetal power 
of gravitation; — ^an impulsive force is exactly balanced 
against a statical power, and a system of harmony is the 
result. 

There appears to be a constant tendency to this kind of 
motion in moving bodies free to turn upon their axes. 
The earth moving upon its axis as it flies along its orbit, 
a ball projected from a cannon, a stone flung from the 
hand, all exhibit this motion, which may be prettily illus- 
trated by placing a 
watch-glass upon 
a plate of glass, 
moistened suffici- 
Fig. 73. ently to ensure 

slight cohesion, and fixed at any angle : as it begins to 
move towards the bottom of the inclined plane, it will 
exhibit a revolving motion, which uniformly increases with 
the acceleration of its downward movement. Upon careful 

H 
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I re6ection, it wilt be seen that tliis plieaomenon is doe lo 
I ihe tendency of all disturbances to move from the centre 
I to the circumference of the mass, aad to the restraining 
I influence of the cohesive and gravitating forces. 

is correctly asserted, that if the force applied to move 
II body is exerted on the centre of gravity of the mass, 
I it will move forward in virtue of that force without any 
I rotatory motion ; — that the earth, being a body revolving 
I npou its own axis, at the same lime as it travels through 
1 space, raiist, if its motion is due to a single impulse, have 
L received this primary force upon a point at least twenty- 
five miles from its true centre. A perfectly spherical shot 
I projected from a camion, where the eiplosive force is 
I exerted on one hemisphere only, is driven round with 
enormous velocity in its Aight, in obedience to this law. 
In the example of moving bodies passing through air — 
s they are seldom spherical — the force is always exerted 
le point excentric to their centre of gravity, mid 
they will he found to revolve round their shortest axis. 
A grand exhibition of a centripetal force is exhibited in , 
I the great storms of the tropics, and, indeed, hnt on a 
more limited scale, in those tempests which occasionallj 
disturb our more temperate region of the globe. With tho- 
aid of the annexed diagram these re marl: able conditions will 
be rendered intelligible. The dotted line representing the 
I true north and south, the hurricane, as is the case with 
I American storms, is supposed to move along the tbidc 
[ line s.w. toward n.e. ; and, at the same time as the 
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rushing onward along tliat line, it 
acquires a tendency to re- 
volve upoa its axis A with 
great velocity ; and from the 
elevation of temperature ot 
this point of greatest force, the 
air is rapidly variSed and 
^^^ ^j.___^ n ^"""^ ''P t'^oug^ that centre 

^^^ "f of the coliima as through an 

^^^^ inverted funnel, the winds 

^^B' ^g- "^- rushing in on every side of 

r the circle. It has frequently been observed that vessels 
have been wrecked by the influence of the same storm on 
' Afferent sides of an island by winds blowing fram op- 
posite directions, as shown by the curved lines. If the 
great mass of air was stationary, the winds would all blow 
to a central jwint and up through that point; but as it is 
moTtng rapidly onward, they blow towards a point moving 
forward — or a central line. The dart arrows represent the 
direction of rotation in the storms of the northern hemi- 
sphere, and the dotted arrows the reverse line of rotation 
which occurs in the southern hemisphere, where the main 
directioa of the typlmon, or CT/dotw, as these revolving 
norms are called, is from s,e. to the n.w. The following 
statement of one of these hurricanes, as it actually occurred, 
will show clearly the conditions which prevail. A ship 
d tbe wind with much violence from the s.e. : the 
s of it rapidly increased, the barometer fell quiekly and 
h2 
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Leonsiderably until the centre of the storm reacted her. 
■ The fnry of the triods was hushed, and a calm of haU- 
f .Bn-hour's duration ensued, arising from the establishmant 
n equilibrium of forces, the winds blowing with equal 
I intensity inward from oD aides. The wind then sprang 
p with increased violence, but from the opposite n.tt. 
I direction, and, after enduring for a period, the force of 
I tbe wind abated, and the storm passed away. The ad- 
I vantages resulting from a knowledge of this lew qfitornt*, 
I have been exceedingly great, as, by attending to certain in- 
I dications, the mariner is enabled to ascertain his position 
I relative to the centre of the storm, and to adopt the course 
I which will most readily bear him beyond its influence. 

The tendency of all matter, whether solid or fluid, to 
e when disturbed a series of alternating movement^ 
I by the teims vibraHona, vndulatiom, wanes, or 
1 OKiUationa, might have claimed our attention in thisi 
[ chapter ; but it is thought advisable, for the purpose of 
I avoiding repetition, to reserve the consideration of theee 
I important forms of motion, until the laws of the propaga- 
Ltion of motion in fluid bodies, and the phenomena of 
I sound, light, and heat, come to be considered. 

Before this portion of our subject is closed, it becomes, 
I however, necessary to examine an hypothesis, which is sanc- 
r tionedby the authority of some of the most talented philo- 
I Bophers of the present age. In explaining the phenomena 
L which attend tbe production and transmission of sound, the 
ftrfevelopment and the propagation of light and heat, the 
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passage of electricity, and the varying modes of chemical 
afllnity, they have stated that all those forms of force 
could be referred to motion, and that their development 
depended upon the character of the motion in action. 
Thus, a metal is acted upon by an acid, and during the 
ehmical action electricity is developed, and under a suit- 
able arrangement this is rendered evident by the exhibition 
of heat and light, — In this example it is contended that 
we have one form of motion producing chemical affinity, 
—this form of force is changed, by condition, into another, 
electricity, — and this again into others, heat and light. 

The view entertained is, that matter, being set in vi- 
bration, gives rise, according to the order of its vibrations 
or undulations, to sound, light, heat, electricity, or che- 
mical action, — ^that they are all, indeed, modes of motion, 
A metal bar is struck, it vibrates with much rapidity, and 
a ringing sound results. Here, we know that a vibra- 
tory disturbance has been commenced in the bar, that 
this has been communicated to the surrounding air, and 
that the waves beating upon the ear occasion a corre- 
sponding vibration along the auditory nerve, and the sen- 
sation of sound is produced. Reasoning by analogy, it 
has been inferred that light results from the vibration of 
some subtile principle affecting the eye; and so of the 
other phenomena. It has ever appeared to me that the 
idea of supposing motion to produce force is opposed to 
all experience, and contrary to the deductions which must 
be drawn from the evidences of sense, by which, notwith- 
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Etanding tbeir imperfection 3, we most be guided. I 
already been abown that farce is, in all eases, necessaiy tfi 
produce fnoiian, and tbat the latter bears an exact relation 
to the former. No form of matter cau move without thft 
application of a force, and as soon as the power applied if 
cspeuded the body comes to rest. 

The motions of the earth and planets, and of the 
system itself, are the results of the exertion of a /i>ni 
which is dimly evident to us, and which is constant^ 
maintained. Gravitation, we have shown, tends to tht 
production of viotimi, but we cannot conceive motion pr* 
ducing gravitation. Motion must alwaj-a be regarded 
the result of a power applied. Motion is an effect, and c 
never strictly stand in the relation of a came ; its aecondaiy 
influences being, atiU results, all of them strictly detemiir 
able from the primitive /orre, whatever it may have been. 

By no strictly logical deduction can we arrive at th 
idea of motion producing either Ught, heat, electricity, t, 
chemical affinity. But each of these forces, or sgencia^ 
are, except when they are held in statical equiUbrium 

istantly producing motion. The error, as it appears 

'., has arisen from regarding sound as a pheaomenaa 
analogous to hght. In one case we can follow all the links oj 
the chain, from the body moved, — set in vibration hy a Jljro^ 
—through the medium vibrated, up to the nerves of the ea£ 
receiving the aerial tremors or pulsations. In the other in-; 
stance, even those receiving this theory are driven to suppose 
that there is a peculiar subtile medium, called Ether, which 
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produces by its pulsations the manifestations of these 
great natural agents to which the theory is supposed to 
apply. But, even supposing we may, by the advances of 
science, prove the existence of this hypothetical Ether, we 
have still to seek for a force superior to and beyond it, 
before it can be moved. When we come to consider the 
laws of these great physical agencies, it will be shown to 
what extent the evidences of experimental examination 
support the idea, that variations of motion will give dif- 
ferent forms to these subtile elements. It is, however, most 
important again to impress the fact, that motion cannot 
produce a force, and that a force must be exerted to pro- 
duce MOTIOX. 




CHA.PTEE III. 

LAWS OF SLIGHTLY ELASTIC FLDIDS. 

^UIDS AT Best. — Eydro»talk« (from ih<ap, lealer, and 

W.vTariKTi, laics (jf bodies at rest). Flowing over the aolid 

urface of thia planet, we have a most extraordinary liquid 

y. It ia presfinted to na in the rtmarkable features 

a vast oceau of never-resting water, which is, under 

I the iniluence of solar heat, vaporizing, thus chargiog the 

■atmosphere with moisture, which, passing over the land, 

Ib condensed by the hills, to flow in all the varied beau^ 

t torrent and stream, or to gather into the no less im- 

aortant accumulations of the lake. 

The largest portion of the surface of the earth ia occu- 
pied by water, In the northern hemisphere it has been 
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calculated that th propo ti f laud to w t as 419 
to 1,000, while la til tli m li misph t is 129 to 
1,000. The great t d ptli f th j obably 

about five mil hd L j 1 h -J id t d that its 

mean depth is ab t 3 000 f t V th i nature 

□f the soil, and the tircumstauc« that the stony strata 
forming the external trust of this world is cleayed, jointed, 
and often rent, channels are fonned by which water 
paases to a considerable depth into the interior, there 
perfonning an important part in the great chemical 
changes constantly takim; place in that laboratoiy of nature. 
AgMn, the vegetable and the animal kingdoms hold water 
largely combined ; and the fluids, compounds of water 
and Other bodies, circulating in the capillaiy vesseh, and 
filling the cells of the plant, or coursing the arteries and 
veins of the animal, obey those laws which now become 
(he subjects of our consideration. 

Water remains liquid iu virtue of some very remarkable 
di^KJsition of its molecules, under the mysterious opposi- 
tion of heat and cohesion ; and the same may be said of all 
Other liquid bodies. 

The particles constituting a fluid are held together by 
so small a cohesive force that they are readily separated ; 
by a slight blow we break a quantity of water into ex- 
wedingly fine drops, and when separated, from their 
mobihty, they again freely flow together. We assume 
that in liquids the atoms are so far removed from eaoh 
Sr, that the attractive and repulsive forces are in equi- 
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librium, and hence the (reedom with which they move- 1 
xbnut each other. An unconfined fluid is ready to yidd 
to the action of any pressure in any direction. [ 

vaa long thought that liquids were absolutely incom- 
ble ; and to prove this, some scientific members of 
the Academia del Cimenlo, of Florence, filled a globe of 
gold with water, and subjected it to great pressure. The 
result of this experiment was, that the water was pressed 
through the gold aud stood as dew upon its esterioci 
surface. Mr. Canton has, however, shown that, though'i 
water is compressible only within small limits, and witlu 
great difficulty, yet that it has elasticity. He found that, 
the pressure of the atmosphere compressed rain-watei'' 
about one part in 22,000 ; olive-oil, about one in 21,000 ;-: 
Spirits of wine, one iu 15,000; and mercury, as mighty 
have been expected, only one in 33,000. Some ingenious 
experiments by Mr. Perkins, who sank cylinders filled withi 
water three thousand feet deep in the ocean, by which he 
obtained a pressure of thirteen hundred pounds, appeal 

confirm the previous results. 

The rebounding of a piece of slate, when thrown 
horizontal upon the surface of a lake — as in the boys* 
of ducks and drakes, — or of a musket or cannoa-j 
ball so fired, proves water to hove a certain amount oE 
elasticity. 

Fluid bodies, equallj with solids, are mider the iur 
fluence of graritation, and, from the freedom of motion 
which a fluid pai:tic\e has, they have no power of ret 
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a pennsQent form, but always adapt themselves to tbe 

shape of tbe vessel coutaiDiog them, or to the surfaces 

upon which they rest : all lakes, seas, and rivers adjust 

themselves to the inequalities of the land. 

II It has been already shown, that, relieved from the 

^■|fen of gravitating force, liquids mil assume a spherical 

^^WB^ by virtue of the cohesive force in operation between 

^Ur particles. If a drop of water is taken up by a glass 

nd, it hangs to it in a shape approaching the Bpberieal : 

but here we have the attraction of the surface of the glass 

openting on one side, and gravitation on the other. 

Over a greasy glass plate, water roUs in drops of a 

cpheroidal form : the dew on the flower, and the drop on 

the ffing of a water-fowl, all show that fluids are under 

the same laws of aggregation as solids, but that the exer- 

(ise of the force is much weaker. 

from these conditions it follows, that fluids are 
30 constituted that all parts, undisturbed, must settle 
M the same level, no part sinking below or rising above 
another. If we 




I ihspes, or how ' 
extensive the s; 
ton, so that water may rise from the main channel, a b, 
into them, we shall find, upon pouring water into one. 
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that it vill rise to the same level in nil the 

In open cliannets liquids cannot be made to i 
a higher level at one end than at anothei 
idways adjust tliemselves to a horizontal level; th 
servable in canals. In the great aqneducts of the ; 
the water, of necessity, was alwajs flowing Aav 
and thus they were inferior in utility, for waterir 
to the system of closed pipes which we now adoj 



The 
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idem town is placed 
distant hill, t 
is raised by 
power to a h 
in " stand-pip 
elevation ia 1 
tained snperio 
of any of thi 



which are to be supplied with water ; — from this 
A (Fig 76) the water flows 
a flLnei of pipes, perhaps 1 
imlts, yet at the remotest e: 
B, the liquid will rise to 
of the reservoir, a e. By 
arrangements, the water 
without the aid of enginea.l 
over the highest building; 
of fire, in almost unlimit 
titles, since the pressure 
column A (Fig. 77), tiej 
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tLe reaerroir, would force the water ironi an opfiLiing at 
B, to nearly the same height as that cohtmTi. 

Upon this principle ornamental fountains are con- 
structed, and a pretty illustration may be formed in the 
toUowing manner;— Bend a glass tube, n 4 {a aipAoa), 
na shown in Fig. 7S, and 
immerse one end in a vessel 
ot water, c ; exhaust the air 
frotn the tube by applying 
the mouth to the orifice at i 
ir, und a jet will thus be pro- 
ilnwd proportional to the 
bogbt of the column. The 
great fonntdin at Chatsworth, 
wluch throws a column of f'S-TS. 

water three inches in diameter 285 feet high, is supplied 
from 8 reservoir on a neighbouring hUl, at an elevation of 
Marly 400 feet, and the supply-pipes ate fifteen inches in 
iimeter, A jet 100 feet high is found, esperimentally, 
to wquire the pressure of a column of water 133 feet high. 
in artesian well is formed on this principle. A peculiar 
stratora, let us suppose it t<3 be eiialk, sand, or any porous 
natter, rests upon a bed of day, or upon rocks which 
will not admit of the escape of tbc imtcr accumu- 
lated from the deposit of atmospheric moisture, in the 
fonu of rain or dew, along the hilla. This stratum of 
diolk or sand is also covered witii a tenacious mass of 
clay — as the London clay, or some equally imperrious 
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-| or forma a spring, if the he, 

I Sssurc tiirougli wjiicli the ' 

™' is less than that of a coti 

the saline waters of the 
support. If, for example, 
small quantity of a dens 
(Fig. SI) in a bent tube i 
both ends, and then pour 
of less specific gravity, th( 
balanced against each otl 
small column of the heavy flu 
Fig. 61. port a long column of the h| 

All fluids in a state of complete repose, pr 
BOntalitj- ; that is, every part of their surfaces 
tant from tbe centre of the earth, every atom be 
acted on by gravitation, and free to arrange it; 
dience to that influence. 

Le>e]ling is the art of runmng a line along ( 
of the earth, which shall everj where cut the d 
gTBMly at nght angles t'pon the tendency, 
of all iluid* to dispose themselves in such a lii 
the construction of levelhng instniments. 

Tlie common Bpint-level is a glass lube very i 
with spirits of wine, and then closed by means 
pipe. A B (Fig. 82) is a spirit-icvel, c the s 
filled with lur : to this instrument, for aiirv 
poses, two " sights," or eye-pieces, are usuall 
Wlien the bubble stands in the middle of the 
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object covered by the cross-wires in the sights is on the 
sfjne level as the instrument. 
There is often a limb, a f, at- 
tached, having sights also, and 
moTing round a on a quarter 
of a circle (a quadrant) d e, 
divided into ninety equal parts. 
If it is desired to know how 
many degrees any object is Fig. 82. 

below the level of a b, a f is turned until the cross-wires 
in the sights of this limb cover it, and the number of degrees 
between the edge of the limb f and the level e observed. 
K the object is above the level, the instrument is turned 
ap ; that is, the arm a d is brought up to it, and the ob- 
servation made in the same manner. 

When we are told that a quantity of water, however 
small, may be made to balance a volume of the same fluid 
of any size, no 
matter how large, 
it appears exceed- 
ingly unlike the 
truth. Nothing 
can, however, be 
more correct, and 
tIu8principle,from 
its startling cha- 
racter, is termed 
the hydrostaiical paradox. 




Fig. 83. 
The best, illustration of this is 
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thus given. — a ecu (Fig. 83) is a cylinder, in which, 
moving freely, but water-tight, is a disc, f a, attached by 
a rod to one end of a beam : a tube h 19 closely fitted into 
the cylinder. A measured quantity, say a pint, of water, ia 
now poured into the cylinder, which is then balanced hj 
weights in the scale l. IF now the rod is raised, to force 
some wnter into the narrow tube, the water will appear to 
weigh more than it did ; additional weights must be added 
to restore the equilibrium ; and if twelve inches of water 
are forced thus into the small tube, three pounds will be 
added to the apparent weight of the same vohime of wBt«r. 
A more striking condition than this, which relates to 
the pressure of fluids, and which is not immediately ro- 
cognizabie by uimidcd senae, ia not to be found in the 
range of science. Water and all liquids press upon any 
object against which they come, — whether the sides or 
bottom of the vessels containing them, or the surfaces 
upon which they rest, — not merely in the direction ia- 
which gravity acts, but also sideways and upwards. The 
pressure on the base is in the direction of gravity ; but 
it cannot be estimated according to the bulk of the Md, 
but by the height of the perpendicular column of partielfli' 
over every portion thereof. Lipids exert apresiure wMelV. 
is to be niea^tred iy ike height of the column, and not by iil\ 
ftult. For example : at the top of a house is a cistera, 
holdii^g 100 cubic feet of water, the depth of it I 
three feet 1 from this a small pipe, lilty feet long, pro- 
ceeds to the lower storv: now the pressure exerted at. 
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the bottom is that of a column of water of 53 feet in 
length, the bulk of the water in the cistern producing no 
Msnlt. Bat if we were to dose up this ciatem with its 
100 cubic feet of water, nud insert through the cover a 
fine tube, and into this tube pour a very small quantity of 
water, but which should form & tolerably high column, 
tlie pressure exerted would be sufficient to reod the 
tislern to pieces. The pressure on any pnrt of the bottom 
or sides of a vessel, depends entirely on the depth of the 
fluid at any given point, and not at all on the extent of 
lbs fluid in n horizontal direction. The strength of 
walls, embankments, Sic., to resist the pressure of water, 
ia dclflrmined by this proposition. 

A BiiQple method of illustrating this, is to take 100 
grains of water, and pour it into a glass vessel, the bottom 
of ifhieli ia morked off into 
100 gqnares, a b (Fig. 84) ; | 

M the water covers the hot- a 

torn, every square is pressed i 

upon by water equal in 9 

weight to one hundredtii (H 

p«rt,oragrain. If we now ''is 

irface this 100 gi'ains of 
wtter in a tube c, the dia- 

awter of which is equal lo (" : ' T ' ' i ,' 

one of the squares, and ' • ■' 

rest it on ihat space, it is ' S " ■ 

eiiiaat that the pressure on that square aloEB is Iflft 
1-2 
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groins, and that 100 such tubes would esert a pressate 
on the hottom of the vessel equal to 10,000 graine. 
top was fitted perfectly tight to a b, having a hole la 
insert the tube c, and the vessel was iilled with water, 
the tuhe containing its 100 grains would, ns before, esert. 
that pressure on the water immediately 
but as all the non-elastic bodies possess the property of 
transmitting equally in all directions the pressure exerted- 
on any point of their surfaces, a pressure equal to 100 
grains is exerted on every square, or of 10,000 grains on. 
the whole of the bottom of the vessel. If the tube wa«i 
reduced to one-half in diameter, the 100 grains ot 
water would form a much higher column, and conae-, 
quently n pressuri; equal to 100,000,000 grains would 
be occasioned over the whole by the some 100 grains 
of water. This peculiarity is called the qudgnavema 
pressure ; and it has been proposed to apply it, — by 
filling horizontal tubes with water, — to telegraphic pur- 
poses, any pressure at one end being immediately indi- 
cated at the other. 

The pressure in the narrow tube may be inereaaed by 
mechanical means — as by working a piston, — and if the lid' 
of the larger vessel be made moveable, the pressure exerted. 
by it upon any external force becomes enormous. On this 
principle the hydrostatic or Bramah press is constructed. 
Fig. 85 exhibits one form of this press ; — the water w, con- 
tained in the cast-iron cistern B F, is drawn, by means of 
the piston-rod p and handle d, up through the valve H, 
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flowing in and filliug the iaterior cjlindi 
lai^ piston a, supporting 
D tube B, moving between 
the uprights, la placed 
This inner cjhnder being 
full, any pressure applied 
at D IB communicatLd 
thwugli the wholt mass 
of water between H and L 
m the following ratio II 
tlie piston L IS half an inch i b ^ 

ID diametei , and the piston a one foot, tbe pressure of the 
water on the bottom of a will be to tiie pleasure of the 
email piston d on the water, as H^ square uicbes to a 
qnarter of a square inch, or aa 576 is to 1 If hy tht 
lever d i pressure equal to two tons be given to the 
water under the small piston, the larger one wiU be torced 
np with the power of 1,153 tons. This enormous power 
nay be increased to any extent, the limits to it being 
bounded only by the strength of maobiaery and matcriuls. 
A very simple means for testing the accuracy of tbe 
above statements, is afforded by an arrangement analogous 
la that of the hydroslalic bellows, or the anatomical siphon. 
Place a bladder between two boards, having first con- 
nected it with a long slender tube, say of half an inch 
diameter. Water is to he poured down the pipe so oa to 
fill the bladder when under a certain pressure, the 
water in the tube rising to a tnarked point. More water 
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being poured inio the tnbe, the bladder will be clevatw 
' and by weights the pressure may be ascertained witb 

accuracy for every inch of fluid. A cubic inch of watcf 
weighing about half an ounce, there will be a pressure ol 
sixteen ounces on a surface of thirty-tno sijuare incheB, 
if the column of water be but one inc 

A body immersed in a fluid is pressed upwards with h 

(tdtce equal to the weight of the fluid it displac«fi. Thil 
I may be thus prOTcd : — let a vessel a have 

a lateral pipe b, and be filled ivith di» 
0Y^ tilled water until some has run ort 

',tmtr through b. I'lace a glass, c, under tiu 

1^ :^|ffi| *^ ■ pipe ; attach any substance to a beam b] 
^■^ , a string, and carefully balance it, thei 
^H ' carry it into the water; the balance wii 

III'' W be immediately subverted, and wate 
^C^**^ will flow oYcr through the pipe b in& 
Fig. 8fi. the glass c. When it has ceased b 

drop, if this water is poured into the scnle-pnn, it will b 
found to be the exact quantity necessaiy to restore the equi 
librium of the beam. Upon this principle is founded th 
determination of the specific gravity of bodies, — a subjea 
of which we have akeady treated under the head of G«l 
vitation. 

n The pressure of fresh water is about thirteen pound 

^^L upon every square inch of level surface, at the depth 6 
^^B thirty feet, and so in proportion for greater or leas depthf 
^^^ For the purpose of ascertaining the pressure exerted upa 
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any sloping wall, or on the sides of a pond, drop a line 
from the water to the middle point between the water's 
edge and the deepest part, and multiply the length of the 
plumb-line under water by the extent of the side covered 
with water. As pressure increases with the depth, it is 
important that the bottoms of floodgates, embankments, 
walls, &e., sbould be much thicker than the upper parts. 

The pressure of a fluid on the sides of & vessel is not 
dependent on the mass 
but on the height at which 
it stands above any given 
point. Every particle e\ 
erts a pressure horizontal 1\ 
against all the sides of a 
vessel (Fig. 37), proper 
tional to the length of the I 
vertical column of water at 
every depth. ^' 

The resistance offered when we attempt to sink a body 
lighter than water in that fluid, proves that it presses ivitt 
equal force upwards aa downwards. Upon this depend 
the laws of floating bodies ; and Ihe bottoms of large ships, 
DD this account, have to be built very strong. 

A floating body is maintained in equUiirio by the ope- 
ralion of gravity drawing the mosa downwards, and the 
water-pressure forcing it upwards. It is not necessary for 
floatation, that the material should be specifically lighter 
than water. If the entire mass of the solid is lighter than 
an equal volume of the fluid, it will flont. A n 
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^^H sinks 
^ bo„,l 
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Binka very rapidly ; but the same weight of iron, rolled 
into sheets and joined to form a hollow vessel, swims ; — 
ships and pontoons are illustrations. Maa is gene- 
rally a Uttle heavier than an equal hulk of fresh water, and 
quently, disposed to sink; hut, hy well filling the 
chest with air, and extending the arms, he renders 
himself lighter, and swims. Men of the Sir lToIui FalstafF 
class have not " an alacrity ia sinldiig :" they, on the con- 
trary, float without any effort on the surface of water. 

The huoyant force of water is employed to raise ships, 
and heavy bodies which have sunk. Air-tight vessels are 
filled with water, sunk, and fastened on either side of the 
body to he raised ; the water is then pumped out, and, the 
upward pressure becoming greater than the gravity of the 
entire mass, the whole is floated. The ball-cock in our 
dstems, to shut off the water when they are filled, ia an 
illufltrntion of this buoyant force. 



HydkA-Dlics (from iiSap, water, and ouXoc, a pipe). 
I Under this head is comprehended the flowing of fluids- 
I through pipes, channels, &c. ; the artificial means of pro- 
1 ducing motion in fluids, hy means of pumps and various 
I hydraulic maohinea ; and the force which may be derived 
I from fluids in motion. 

When water flows in a current, as in rivers, it is in oon- 
I sequence of the inclination of the bed, and its motion is in 
I obedience to gravitation, in the same manner as that of a 
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solid moviug dawn an inclined plane. The water in tlie 
nuddJe of a river, or in the centre of a pipe, moves more 
rapidlj than that at the aides, owing to the friction 
between the fl\ud and the solid matter : pipes, in conse- 
qaenoe of this, do not diachai^e bo much water in a given 
lime as is indicated by theoretical calculation. 

Hnids issuing irom orifices have a velocity propor- 
tional to the height of the surface of the fluid above the 

orifice. A stream of water flowing out in a horizontal 

tection describes a parabola, the form of which is de- 
termined by the height of the 

cdnmn of water above the 

point of efflux. Supposing the 

surface of water, in the vessel 

1 B, to be kept at a constant 

liaght by water flowing into it, 

md that the water fiowa out 

Umugh openings in the side 

" and n, of precisely the same size, 

would be filled from the Jet at «, i 

measure from the upper opening m. 

water passi/tff through egual holes in ths 




\ soon aa a pint 
IHe qiiantiliei qf 



tk aquare rooU of the attitude qf the coluvm of water above 
iieM. The variations of density do not affect the velocities 
with which fluids issue from apertures : — mercury is 13^ 
times heavier than water, jet these fluids flow with equal 
Tdodty under the pressure of equal columns. 
All liquid jets issuing in an oblique or horizontal direc- 
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tion describe paraboiaB, thiia directly conforming to the lows 
of gravity for solids. This may be thus demonstrated. If 

^we take a vessel lu wMeli the water can be kept at a con- 
stant elevation Ly a reg^ilar supply, and a circle is drawn, 
the diameter of which is equal to the whole height of 
the fluid, as in Fig. 89, and we allow the water to 
flow out through three 
orifices, a, b, c, each jet 
will reach the plane at a 
distance from the circle^ 
twice as great as the dis- 
tance of that point of the 
circle it would have cut, 
if it had passed out hori- 
zoutally, D, E, F. And if 
La jet sprung from the bottom a, at any angle, the ntmost. 
I height it would attain would be that point of the circle it 
I would meet if it continued to move in a straigbt line ; and 
I it would then observe the law of falling bodies. 

Water issuing from a small hole in the side of a vessel 

suffers a contraction-, by which 

its section is diminished in tha 

ratio of nearly five to seven ! 

.J iAj.' '^ "^'""'^ ''^ smaller section 

*"'~"*S*i JB* " at a distance from the open~ 

*^JE ing equal to abont half its dia^ 

' meter. This point, a b, is termed 

Kg. BO. the vena contracta ; hut if a 




SUGHTLT ElABTIO PLTID3. 123 

pipe two inches long is inserted, this contraction is pre- 
vented. 

The wuter-clock of the nncients, the clepsydra, was 
constructeii upon a kuowleUge of the laws regulating the 
flowing of water through small orifices. If the whole 
depth through which a given quantity of water Binka in 
twelve hours be divided into 14-1 parts, it will sink through 
23 in the first hour, 21 in the second, 19 in the third, and 
so on, according to a series of odd numbers ; — this dimi- 
nishing rate depending on the constantly decreasing height 
of the column above the point of efflux. 

Water flowing through long horizontal pipes, such as 
are employed to convey water through our streets, is re- 
tarded by the friction against the sides of the pipe : theae 
returdations of velocity have been calculated, and they 
prove most useful in practice. In rivers, the greatest 
velocity is found at the surface and in the middle of the 
stream, constantly diminishing towards the sides and 
bottom. These points become of the highest importance 
rtere a useful application of water-power la intended ; 
but in an elementary treatise any further notice is unneces' 
ury. 

A curious property of flowing water has to be described. 
Btmoulli discovered, that if a small tube is inserted into any 
{wt of a cylindrical pipe throughwhich water is flowing,as at 
i.B(Fig. 91), nowater flowed through it, but, on the contrary, 
llut air or water was drawn up through this lateral tube, 
ud discharged at the larger oriiice. It has been thought 



I that tliis is due entire]-' ' 
I fmd in the vacuum • 



not 01 



a the s 




SBtisfactoril; provei m 

I rapidly, liave a tend 

I exerciaii of cohesive 

i mobile bodies to t i« 

r ia the tubes i) 
hausted, the water o 
uuder the ioiiuence 
spheric pressure ; bi 
the asceuding colu 
with the flowing m( h 

L power ia exerted, 

I flow is in a great d 

\ to this force. 

, small pond i 

both being at the same level, and coinmunicating through 
a narrow channel, and by the opening of a floodgate thfl 
water in the canal is caused to flow, that in the pood, 
from adhesion, will flow with it, and will even ascend a con- 
siderable incline under the influence of this force. Yenturi 
applied this, in a very simple manner, to draining of land, 
by means of a Btreaoi running through it; — the stream. 
was allowed, to acquire suificient velocity to cany it over 
an inclined surface, and to drag with it a portion of water 
from the lowest part of this surface. A jet of water draws 
towards it a current of air, and light bodies, thrown up by 
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the aide of a fountDin, will be drawn into the ascending; 
column, A ball of cork, or an egg, being placed in the 
middle of a jet, plays up and down within it, held by 
the adhesive force of the water and the inrush of air on all 
sides. 

Arrangements of this description have recently been in- 
troduced as novelties, for the purpose of draining; and the 
same principle has been proposed for appbcation in ven- 
tilatiag mines, From the freedom with which the pnrti- 
clea of bquids move aboiil each other, and also from the 
drcumatance that they communicate, as we have abeady 
noticed, any disturbance with great rapidity, we have, as a 
leonlt, the phenomena of waves. If we fill a glass vessel 
with water, and strike the glass at any point ou the out- 
ride, the water is thrown up opposite that point, and by a 
series of undulations (waves) the diatnrbance is propagated 
over the whole surface. If we blow upon a surface of 
wtter, or in any way disturb it, a wave is produced. The 
jXrt first disturbed sinks beneath the natural level, and 
.__ the parts conti- 

fj, (13 a corresponding 

height above that level, and a series of alternate elevations 
and depressions are produced. Progressive motion is not 
necesMtry to undulation : the waves of the ocean or of a 
kke may progress without any onward movement of the 
water. This movement is easily illustrated by a stretched 
by a shake at one end we can send a aeries of nndn- 
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ktioDB along the string, but none of the particles consti- 
tuting tlie string move onward. "Where the depth of tha-' 
water ia sufficient to allotr of the undulations proceei 
without interruption, the waves have no progressive 
tiou ; but if a rock rises near the surface, or the shelving 
shore by its sballowoess prevents or retards the oscillations 
of the water, the waves forming in the deep water are not' 
balanced by the shorter unduhitiona iu the shallow water, 
and they consequently move forward and form breakers. 
Thos it is, that whatever be the direction of the wind, the 
waves always break against the shore. Where the shore 
runs out very shallow for a great extent, the breakers are 
distinguished by the name of turf. Dr. Scoresby has given 
some interegting and important information on the mag- 
nitude uud velocity of ocean waves, lie assures us that 
the Atlantic waves, during a storm, rise to a height " about 
forty-three feet above the hollow occupied at the moment 
by the ship ;" the total distance between the crests of twoi 
of the largest waves being 559 feet, which distance 
passed by the wave in about seventeen seconds of time.' 
JVom the observations made by Dr. Scoresby when crossing 
the Atlantic, and from the experimenta of Mr. Scott llussell, 
it is satisfactorily proved that such storm-waves as the above 
travel at the rale of thii'ty-two statute miles per hour, 

A closer examination of the phi;nomena of undulations 
vrill be found under the head of Sound, 

HgdrauUc Engines. — The force of mo vingfluids is rendered 
liable for mapv imporlsnt ends. Ei 
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rig. 93. 



the impulae of water : a stream 

strikes agai aatfloat-boarda fixed 

on a wheel, placed so as to re- 
ceive the impulse of the water 

ai right angles to its radii. 

These are mills with (mk&t- 

thot wheels, which do the most 

work in a given, time when 

the wheel moves nith from 
1 one-third to one-half the velocity of the water. 
1 A wheel receiving water in cells or buckets, and moved 
hj Ihe weight of the water 
on one side, is called im 
Mr-»hoi w/ieel, whieh 
litouhl be so constructed 
&tt the buckets may cou- 
lAin si! the water of the 
Alma and carry it down 
U low as possible before 
HisiUowed to escape. 

Some machines are moved by Ihe relief from pressure 
ptoduced by the motion of a stream. Barker's iKll is of this 
description, and the Turbine wheels involve Ihe same prin- 
oiple- To understand this, let a b (Fig. 95) be a hollow 
flfhnder moveable about a vertical axis, and having hori- 
WDtal anas, so that the whole may be filled with water from 
tbe top. It will be evident, if there are no openings in 
the nrma c, d, and the whole is filled with water, that, all 




KB.B4. 





Fig. 95. 



remnining in equilUirio, there can be no motion, If tbt 

arms, however, have opeuingl 

in the aides opposite to ddo 

another, the sides dd which' 

the perforation 9 are (the water 

flowing out) are relievett 

from pressure, and the whole 

pressure of two columns d 

water is exerted in either 

arm on the sides having n* 

openings. The moving force 

s greaternfterthemachjnehnsbegun to revolve, the 

water in the horizontal arms acqniring a rentrifugal force by 

which its pressAire against the side is increased. Segner'l 

machine, used in some parts of Gtermany, is of the sam< 

character. A modification of this machine was patented 

by Mr. Wliiteiaw; his engint 

consisting of two horijiontri 

hollow arms, of the form (A 

the capital letter S, the watef 

bring discharged from thff 

ends of the arms in the di- 

1\ ^^U||« I I rection of the circle traced 
^-— i^^ // by their revolution, or in that 
II ^y of a tangent to it (Fig. 96), 
^^^^^^^S--^ A mill of this kind, working 
F^'g. «a. _ „ith a faU of ten feet ol 
water, the diameter of the circle described by the anna 
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being fifteen inches, had a velocity of 387 revolutions 

per minnte, and gave an effect equal to 736 per cent, of 

the theoretical power of the column of water. 

The Turbine consists of a fixed horizontal wheel, having 

curved channels, a, b, in the centre of which the water 

entera; it dive^ea in 

every direction and 

escapes at the cir- 

camfeicucc. Around 

this wheel is a re- 
I Tolving diole, C D, [ 
whidi, by a series of ] 
curves in an opposite 
directiou to those 
<n the fixed portion 
of the machinery, re- 
coTCs the water Irom 
Ite guide-curves of ^B- 97- 

is, and is driven round by the force of the efflux. Tur- 
bines may be applied to high or low falls of water ; but, 
lUungh they have been used for some time on the con- 
tinent, they hare not yet been extensively employed in 
thisoountiy. 

Another form of employing water pressure, is the reci- 
pwating water-pressure engine, of which a very fine ex- 
laple is to be seen at the Alport mines, in Derbyshire, 
hi these engines a column of water from 200 to 300 feet 
b height is brought in under a piston moving in a cylinder, 
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as Btcam is in the steam-en^e. The enormous piessm 
of Buch a colunm, forcca up the piston, and moves all tl 
pumii-worka attached to it in the Bha^ of the mia 
Having UTted the piston to the top of the cjUnder, ifc 
column of water is dieeharged, and of course the pisto 
and pump-works fall, to he again raised when the pipi 
fonnhig the eolumn are refilled. 

Spiral pipes may he placed in the plane of a whed n 
cciving the water at its circumference, and raising it b 
degrees towards the axis, where it is discharged as tb 
wheel turns ; the motion of the wheel bemg usually d( 
rived froiri the same stream which supplies the pipes. 

A eitigle pipe wound spirally round a cj-linder wbio 
revolves on an axis in an oblique direction, haa huf 
onlled the screw of Archimedes, — the engineer of Sid^ 
having, as it is stated, employed such machines to nil 
water. The name of the valer-mia'd has been applie 
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vUhJn it, it representa the form of the Germnn water- 
screw (rig. 98). A eonsiderable loss of power arises, 
howcTer, from the passage of the water between the cylin- 
diical cover and the screw, one-third of the water, at least, 
nmning back. Several machines of this description have 
been from time to time introduced b; ingenious mechanica ; 
hut they may, upon the whole, be regarded as engineering 
toys— ordinary pumps aaswering in all cases much better. 
In the s«ctio«-pin/ip we hayc the rise of the water pro- 
duced by atmospheric pressure; — this would more properly 
l^ce any description of it in connection with Pneumatics, 
bat since it is hbubIIj employed as an hydraulic machine, 
thought advisable to include pumps in the present 



The common pump consists of a 
tuction-pipe which descends below 
tte level of the water in the well ; of a 
eylinder, or barrel, 6, in which an air- 
fight piston /I works up and down as 
fur Bs the spout ». On the top of the 
iuction-pjpe is a valve ff, opening up- 
«Pda, and there is another valve i, 
•Ito opening upwards in the piston. 
Tlie piston, being at its lowest point, 
» drawn up, and the air in the barrel 
U Ihm pumped out ; the air in the 
'Bction-pipe forces open the valve g, 
llhe whole apace between the water 
K 3 
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aad the piston is lilled with rarefied air. The piston is ogni 
forced down: this pressure doses the valve g, and the vtili 
in the piston opening, the air rushes through it. On agai 
elevating the piston, this air is pumped out, and thus, lJi 
pressure of the air heing removed from the water 
pipe, that fiuid, by the pressure of thu atmosphere actit^ o 
the water in the well, rises until it Hows out at the spoa 
About thirty-four feet is the height to which a column 
water is raised bj the pressure of the atmospheric colum 
but if the water under this pressure flows out above U] 
piston into the barrel, it can be lifted by the piston throug 
H few feet more. 

In the foreuig-pump, atmospheric 
preasure plays but a small part, 
There is no valve in the piatoti c, 
but the water, raised through the 
suctioB-pipe a and the valve g, is 
forced by each depressiou of tiie pis- 
ton up throagh the pipe e e, which 
3 furaished with a valve to preveat 

I the returu of the fluid. The ordi- 

1 nary syringe is a pump with a pis- 

■ ton moving pretty accurately in a 

lioylinder, hut ao valve. AE the phi 
may be easily illustrated with a glass-tube, in wtiioli 
n move a greased cork by means of a wire fixed la it 




of the pun^ 



The siphon is another form of apparatus b» 
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water is made to flow by tlie pressure of 

It conaista simply oF a bout tube, 

is longer tlian tlie other If 

the short arm la placed m 

a vessel of water, and, the 

mouth being applied to tlif 

end of the long one, the iii 

sucked out, water is noiv 

preased over, and it continues 

to flow, owing to the unequal 

pressure of the two eolumns in the tube. Atmospherie 

pressure lifts (he fluid to the top of S, and if the length 

of » was the same na i, or if i and a were ao placed thHt 

their orifices were on a lioriaontal line, the pressure of 
I each column being oqiinl, no water would flow ; depress s 
bdow this Une, and thus lengthen the colnmn, the water 
niil flow directly. The siphon is employed for many im- 
portant purposes by man, and it is introduced into many 
philosophical toys. 

Han'fl ingenuity has been exercised, at all times and in 
di parts of the world, to deyise meaus by which water 
abanld he raised to higher levels, or its power employed 
to some useful end. Hence has arisen the bead-pumps 
o( tile Chinese, the chain-pump, the bucket-pump, and 
numerous other nrrangementa, sufficiently curious, but 
iu'olving no principle which has not been described. 




CHAPTBE IV. 

liWS or ELASTIC FLUIDS. 

I Pneumatics (from mrviia, air). — Having atudied aome 
f of the moat striting eonditiona of matter in solid ani 
. liquid forms, we haye now to consider the phjsical proper- 
tiea of another form — the gaseous, or aeriform, — of whidi 
I the most striking example ia presented to us in our atmo- 
I sphere, 

A child at rest on a plain, on a calm summer day, wc 
I not, for some time, faeoomc conscious of being surrounded' 
I by a peculiar flnid mass. But, he moves his hand eneige- 
uns rapidly along, and be receiyes 
3 surrounded by a thin medium. 
rs the youth that he is en- 
listing of peculiar gaaes; and 



tically to and fro, 

on that he 
' Awakening sense soon 
I- Teloped in an atmosphe 
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eyentually he leamB tbat it holds suspended a large quan- 
tity of wateiy vapour. This atmosphere, in its physical 
character and chemical constitution, is peculiarly adapted 
Tor the necessities of the vegetable and animal kingdoms. 
This gaseous envelope of the earth is supposed to ex- 
tend upwards from its surface about forty or fifty miles. 
Since it is impossible for man actually to measure, by any 
rf the appliances of science, its true exteut, its probable 
timita have been approximately determined by some of 
the phenomena of light. Our twilight is owing to the 
refraction, or bending, of the rays of the sun, — after tbat 
orb has sank below the horizon, — by the medinm through 
which they pass ; therefore the duration of the twilight 
affords a guide to the height of the atmosphere. 

Atmospheric air varies in density with its elevation, 
and the more rarefied it is, the less is its refracting power ; 
but we know not the point of rarefaction at which it 
ifould cease to refract light. The phenomena of refraction 
will be examined in a future page ; but it appears to be 
important that in this piace the meana by which the 
bending of a luminous ray is made a measure of the depth 
of the sir around us should be explained, particularly as 
it truly explains the causes producing twilight. 

Kwe suppose E (Kg- 102) to represent the earth, and 

tbe mroles a, b, c, d, concentric bauds of the atmosphere of 

different denatties, and con3e(iueEtly of dissimilar refracting 

powers ; A B being the horizon, s the aun below it, and a, 

its rays falling upon the exterior surface of the air ; 
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slkall at ouce eee that eacli ray would be elighlly bent b; 
I the stratum of air rf c, more bo bj e i, still more sobjba. 




> and that Ee\t the earth the eye would therefore receiye 
I the ray, after it hod moved in a polygonid Udb, sad the 
sun would be aeea as at i when it was actually below 
the horizon. By calculatiDg the indiees of refraction, and 
determining the true position of the sun, we thus arrive 
it an answer to the problem proposed. 

There are, however, some conditions of a peculiar 
nature to be considered, ere we can arrive at a detenni- 
nation founded upon the above data. It would appear 
that the gaseous fluid is held to the solid earth by virtue 
of the same, or » similar, power to that which, wo have 
Blready shown, is to be detected in notion over the sur- 
i of all bodies. This has not, however, been a point 
I which has hitherto engaged attention ; — gravitation alone 
been thought sufficient to explain the phenomenon. 
I By ascending mountains, and floating at considerable ele- 
)■ vatious in balloons, it has been determined that as thia 
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attraction diminislies, tbe air becomes more thin; not 
because it is rarefied by heat, but, according to one view, 
because the pressure of the superincumbent column is 
lessened. At the same time this attraction of particles is 
reduced, and, the air rapidly losing its capacity for heat, 
cold, regularly increasing with the height, is produced. 
It has been thought that this loss of heat would eventually 
place a limit to rarefaction, and even reduce the upper- 
most stratum of the air to a liquid state. Although these 
speculations are purely hypothetical, yet they have their 
value in reasoning upon atmospheric refraction, as pro- 
bable causes leading to modifications of conditions, under 
which the air might possibly be confined within much 
narrower limits than those stated. The uncertainty of 
the calculations founded on the duration of our twilight, 
is proved by the circumstance that they give heights vary- 
ing between forty-five and ninety miles. Biot, from an 
examination of the elasticity and density of air, infers that 
they sink to zero at the height of thirty miles. 

Air is a fluid, and, like water, it yields to any inequality 
of pressure, its particles moving with the utmost freedom 
about each other. The flowing currents of the air, under 
the various rates of the genial breeze or the rushing 
gale, prove its attenuated fluidity. 

That air has weight, is proved by many veiy simple 
experiments. When the bellows are collapsed, close the 
nozzle, and then endeavour to separate the boards : — we 
shall find that they are pressed together by an enormous 
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weight, A column of air equal to a ireight of aboat fonr- 
teen pouDils rests upon every square incli of the surface 
of the board. If we take a gkas flask, and weigh it 
full of air, and then by means of an air-pump exhaust, or 
by the agency of heat expand, the air, we shall find that 
there will be a considerable loss of weight. With a flask 
fitted with a stop-cock, to which an exhausting syringe 
can be attached, the experiment may be made with much 
accuracy, and it will be found that 100 cubic inches of 
air weigh about 31 grains. 

This gaseous body possesses, in common with all mattw, 
mpenetrability ; — no other body can occupy the place it 
fills. If we take s glass vessel, 
and invert it in water, we shall 
dud that the water will not liad. 
into it beyond a certain very li-* 
mitedspace(Pig. 103). The 
being elastic, may be compressed, 
but, the pressure being removed, 
it will immeiUately occupy its 
original space. The elaatidtf 
of the air may be proved by 
confining air in a bent tube 
(Fig. 10*), and loading one arm. 
Kg. 103. with different weights of 

cury. The spaees into which the air will be compreBsed 
will he found to be inversely as those weights. Those 
weighta measure the elasticity of the air, and prove the 




» 
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laK of Matioiie, that the eiasticities are iovereelj as the 
spaces which the air occupies : the densities H 
being inversely as those spaces, the elasticity 
of the air is directly as its density. 

A volume of air oceiipying 100 measures, 
iriiea compressed with a force of one pound, ' 

will be diminished to 60 measures when the g; 

pressure is donbled, and espaud to 300 mea- 3" 

sures if the weight is reduced to half a pound. I IB 
This law was fivst observed by Boyle, and more ^^F 
fully demonstrated by Mariotte. Subsequently '^'S- 101. 
(Ersted extended experiments to air compressed with a 
force equal to 110 atmospheres, or 1,540 pounds on every 
square inch, and the law is found to continue to this 
point, — from which we may fairly infer it to be general. 
Numerous experiments iiave been made with a view to 
compress atmospheric air into a liquid form ; bnt al- 
though many other gases have been thns condensed, no 
such result has hitherto been obtained. Mr. Perkins 
stated, that under a preasare equal to 2,000 atmospheres, 
he had succeeded in reducing air to a liquid ; but there 
is reason for believing that the fluid obtained was 
no other than water separated from the air under com- 
pression. 

Ah we have a ponderable fluid body extending to the 
height of from forty to fifty miles above the surface of the 
earth, it ia clear that n great degi'ee of pressure must 
be exerted over that surface. The extent of this pres- 
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I proved by takiDg a bent tube, closed at tbe 
End of its longer brancb, filling it witli mer- 
r, and then placing it in a vertical poaitioa. 
i mereury will descend to a certain point, 
l-wben it rests balanced against a colunm. of 
I til whicli is pressing upon tlie metal at tbe 
I open end, of the same diameter aa the mercury. 
F The weight of tie column of meccury between 
is exactly equal to the weight of the 
column of the otniospli This i^tt b t 
fourteen pounds on ry q it h f th 
> earth's surface, which m nt t t tal p es 
I sore of 10,686,000,000 h b- d f m Hi n f ^''^' ^"°' 
V |»oands exerted by tb ir po th urf f this planet. 
tTbe body of a man f 1 rv t tur p nts 2,000 . 
t- square inches to this p u and h i e of about 

28,000 pounds is e rt d p hmi by tb tmospheric 
column. This is, how unt t Iby qial pressure 

in every opposite dire t d h w nsensibleof 

it. This is best explained hy aa Ulustration. If we take a 
glass oybnder — say a lamp-glass — open at both ends, and 
over one end tie a piece of bladder, no pressure is per- 
ceptible, because the air within the glass presses upward* 
ir exerts a supporting power, according to the law of fluid 
' force already explained, equal to the weight resting upon 
if by an air-pump we remove the air under the 
I bladder, the bladder will immediately exhibit the effects 
f of the pressure, and eventually be torn asunder in con- 
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sequence. The bodies of all animals, and thij delicate 
stems of plants, are, therefore, preserved uninjured by the 
equalization of atraoapheric pressure. 

The leathern sucker of the hoy, and the adhesion of 
snails, periwinkles, limpets, and other Bhell-fish to rocks, 
are examples of the effect of removing the air from one 
surface whilst it presses upon another. The fly and some 
lizarda, pailieidarly the Lacerta gecko of Java, have an 
apparatus on their feet by which they are enabled to 
squeeze out the air, and thus, by a partial vacuum, aecuie 
that adhesion to perfectly smooth surfaces, which enables 
them to move freely over them in whatsoever position they 
may be placed. The aiiell of the oyster is held Hrmly 
closed by the animai exhausting a portion of the air 
within it : — if me bore a hole through the shell, being 
careful not to injure the oyster, it nlay be immediately 
opened without any difficulty. 
Another interesting example ol 
stmospheric pressure, is, to fill e 
wine-glass with water, and, haviuf; 
placed a card over it, to invert 
it cautiously : — the glass may now 
be held as in Pig. 106, the water 
Laving no support but that which fig, io8, 

it receives from the pressure of the atmosphere, without 
any being spilled. 

f umps, as already described, owe their power of raising 
, to the pressure of the air, which is equal to the 



may be immediately 



us 



1 



support of a column of water tliirty-four ftet high. Simi- 
Ibt Qirangements may be employed for pumping air. 
Galileo relates an experimeut, in which he condensed a 
by a syringe into a copper hall. The air-pump, however, 
was invented by Otto von Guericke in 1560, since which 
time it has been greatly improved. It consists essentially 
of a receiver, the edges of which are accurately ground, 
and, by means of a little grease, bronght to fit closely a 
perfectly level plate of metal, having a hole in its centre, 
into which is fixed a pipe connected with a metal cylinder, 
in which a piston moves. This cylinder has a lateral 
opening, fitted with a valve, there being also a valve at 
the bottom of the cylinder. Let us suppose the piston to 
be pressed down and the valves closed. If we then draw 
the piston up the cylinder, the air above the piston ia 
forced out, as in a common water-pump, and the air 
within the receiver, from its elasticity, presses open the 
valve and fills the cylinder. U the piston is now pressed 
downward, the air flows out through the lateral pipe. We 
have thus removed from the receiver a quantity of a 
equal to the capacity of the cylinder. If the cyhnder 
holds a pint of air, and the receiver the same quantity, 
when both are filled by drawing out the piston, the air 
suffers an expansion of volume and now fills one quart ; 
one-half of this, the portion in the cylinder, is expelled 
through 6, conaequenlly the air in the receiver ia redaced 
one-half in density, By every stroke of the piston a re- ■ 
diiotion of density will take place, as follows t — 



halt of J pint 
hnlf of i pint 
half of -^ pLut : ^ lemains; 

bat which is expanded to occupy the whole of tiie space — 
OM pint — ia the cylinder ; consequently, by continuing 
this, we at length produce a comparative vacuum. This 
instrument has been considerably improved, and usually 
consists of two barrels, in which, by means of a toothed 
wlieel and racked pistou-rodsj a more speedy imd com- 
plete exhaustion is elFected. It will he seen, by the fol- 
lowiug figure, — in which the cylinders are represented 




in section, for the purpose of showing the working of 
the valves, — that, as the air is drann out by raising one 
Talve, it la eipelled through the other, constructed ytitU 



Ui 
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tUs object, as it is forced Aown in the opposite (^liniler, 
By alternating the action of the pistons at every stroke, 
we draw air from the receiver and expel it through one of I 
the pistons. 

With this instrument a numerous set of interesting and- 
instructive eiperimeuts can be made. — 

\Vc may prove that burning bodies are extinguished br. 
the withdrawal of air, and that smoke falls to the groiinA 
like .1 heavy body. By placing water under the receiver^ 
and exhausting it, we may separate from the water- 
the air which it always holds in solution, and it will bo^ 
seen escaping in bubbles through that fluid. We o 
also, in this way prove the physical action of solid s 
faces, and show that a kyer of air intervenes between th» 
fluid and the glass containing it. 

If we tie a piece of India-rubber over a jar, or take-- 
a flaccid bottle of the same material, with its neck closed 
and introduce it under the receiver, as we 
exhaust the air from the receiver, the India- , 
rubber will be distended : this proves the , 
expansion of nir. 

Take a flask closed bj a cork, through 
which we have previously passed a glass" 
tube drawn to a line point, of auflicieut length i 
to reach nearly to the bottom of the flask, 
which is haK filled with water, and place this 
arrangement under the receiver. The moment Kg. 108. 
we begin to exhaust the air, that which is eontaineJ 
within the flask expands, and the water is Ibrced ont it 
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. This is Sera's spiere. We may obtaiu a similar 
mtain by forcing air into tlie sphere containiiig water 
Iru coudcDsing syringe, and dosing it with a atop-coelc; 
n the cock ia turned, the condensed air, in its eli'ort to 

i, forces out the water with great violence, 
die most striking experiment, however, proving the 
are of the air, is performed with what are called the 
eiurg hemi^heres, from the name of the town of which 
n Gnericke, the inventor of them, was burgomaster. 
^ consist of two hemispheres of brass, made to fit 
ther very accurately. The 
», being smeared with greaae, 
i brought in contact, and the 
; connected with tlie 
this sphere is exhausted a 
1, »o great is the pressure by which they are forced 
er, that they offer a resistance of extraordinary 
: to any attempt which may be made to separate 
In an experiment performed by Guericke himself, 
. Ferdinand III., thirty horses were harnessed to 
i lieraispheres, without being able to break their con- 
tact ; more power still being employed, they separated 
with 8 very loud report. 

Where none of these fadlitiea are at hand, this remark- 
able phenomenon of atmospheric pressure may be jiroved 
by a very simple experiment : — Take a wine-glass, and 
having thrown into it a small fragment of lighted paper, 
and allowed it to burn for a few seconds, jiIrcc the 



Fiji. 109. 
a perfectly a; 
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^Hpalm of the band over it : by tlie combnstiou of the paper 

^Btiie air U expanded within the glass, and a portion of it 

^H chemically changed ; hence, as the glusa cools, the remajn* 

^K ing air condeoses to ita original TOluine, and a partial 

^f Tacuum is created. The hand will now be pressed with 

such force upon the glass, that a coQsiderable pull will be 

required to separate them. In this way the prdiminaiy 

operation of cupping is performed. 

The reason why beer, wine, or water, will not flow froma 
barrel without a second hole to admit the air, is the pressnre 
of the atmoapbere. We raise the vent-peff, and now, there 
I being an equal pressure on the surface of the fluid and 
Ion the orifice through which it flows, it runs ireely, 

L a common glass tube open at both ends, the in- 
penetrability, elasticily, and pn^ 
mre of the atmosphere mwf bt 
moat readily shown, Plfldng 
the thumb upon one end of lie 
tube, pluuge the other into a 
vessel of water ; the water wiH 
not rise in the tube beyond » 
very small space ; but as we force 
the tube more dee^jly, the pres- 
sure of the water increases, and 
the air is compressed witlmi 

t^^^^^^» smaller limits, the water occupj- 
Fig- 110. i„g a little more of the tube, at 




Fig. 110. 
fi&own in a, i, c. If the tube is raised, the air expands, 

s out the water. If we plunge an open tub« 
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ito water, so as to iill it nearly, d, Hud tben close the 
pper end, we may withdraw it from the water without 
ly of the fluid flowing out : remove the thumb, and the 
i»de flows out immediately, A tube of water, that does 
ot exceed thirty-four feet in length, may thus be supported 
J the toere pressure of the air. 

Tomcelli thought that if a column of water of 34 feet 
as supported by the column of air, that a heavier fluid, 
ich as merouiy, which ia 14 times the weight of water, 
lould not stand above S!) or 30 inches. Upon trying 
le esperiment, the pupil of Galileo was dehghted to find 
is idea confinued ; and from this arose the invention of 
le barometer, which is now so generally employed for 
wasuring yariations in our atmosphere. The most simple 
'ay of proving that this column of mercury is but balanced 
gainst the air, is to take a tube of sufficient length, and, 
aring tied over one end with a bladder, to fill it with 
lercury, and invert it in a eup of the same metal : the 
lerenry will now stand at the height of about 30 inches ; 
mt if with a needle we maie a hole in the bladder, it 
mmediately falls to the level of the mercury in the cup. 

A tube, closed at one end, filled with quicksilver, 
ad inverted in a cup of the same material, forms essen- 
ittUy the barometer, — an instrument of the greatest im- 
lortance, as indicating regularly the changes which talj^ 
ilace in the pressure of the atmospheric column at the 
Bine spot, or the diminishing pressure which we detect 
t we ascend from the level of the ocean. 
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Torricdli died, leaving this instroment, the inrention: I 
of hia genius, incomplete; it was, however, at ODce ei 
ployed by Boyle in England, and Pascal in France, with 1 
great success. The latter suggested, tliut if the mercury 
were sustained by the weight of tiie air, jt should fall | 
upoa being carried up a mountain, and he induced hia | 
reiatire, M. Perrier, to try experiments with the barometer I 
at the base and on the top of the Fuy de Dome, in J 
AuTergne. In this trial it was found that the mercury,. J 
which stood at the height of S6^ Prench inches at the:| 
base, fell to SS-J- on the summit of the mountain : thus 
proving the diminishing weight of the air. 

Wlien mercury and the atmosphere are both of thfl 
same temperature at the level of the ocean, the colm 
of mercury is about 30 inches in length ; ascend 936 fed 
and the length of the column is but 39 inches. As thfl| 
heights increase in an arithmetical series, the length c 
the barometric colnmu will decrease in geometrical | 
greasion. 

In making these determinations, however, a correctioi^ 
for temperature has to be constantly applied, e 
glass and the mercury expand with an increase of tempera- j 
ture, and contract as it diminishes. The usual mode ol 
proceeding is to reduce all observed heights to what tl 
would be at the freezing-point of water, the rule beinfl 
lo subtract the ten-thou»undtk part of iJie observed aliittidlM 
for every degree of Fahrenheifa thermometer, wkici Mel 
mercttry is above the freezau;-point of vjaler. In tctj 1 
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accurate observations correction has to be made for the 
expansion of the barometric tube, of tbe scale 
nttacbed to it, and for the influence of that 
capillary attraction, vfhicli has been explained, 
producing a convexity of the surface of the 
mercury. This instrument has been con- 
structed of many different forms — the principle 
remaining, of course, in all the same. The 
ordinary Torricellian barometer consists of a 
tube (Fig. Ill) closed at one eud, fiUed 
with mercury, and inverted in a vessel also 
containing mercury. As the 
level of the mercury within 
^^B the tube is altered by the varia- 
Rg. 111. tions of atmospheric pressure, 

there mast be a corresponding alteration 

of the level of the mercury in the cistern. 

Various contrivances have been introduced 

to regulate this. That which is most com- 
monly employed is a cistern with an ehistic 

bottom, which can be acted upon by a 

screw; a float is placed on the mercury, 

and every alteration of level being marked 

by an index, the bottom is screwed up, 

or the contrary, until the level is restored 

to its constant line. 

The cheaper varieties of barometers are Kg. lia. 

modifications of the old siphon form, the bwer branch 
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being blown into a wide bulb, for liolding the 
of mereuiy (Fig. IIZ). This fonn is, however, 
in strict accuracy, owiug to the smaUnees and 
shape of the bulb, and, consequently, the coustaa 
tioa of the level of tbe mercury in it ; notwiths 
this, it is moat genenJly employed. 

The wheel barometer was the invention 
Kooke, and it has long maintained its reputati 
ordinary observers. Fig. 113 represents this inst 
A small float of iron c 
rests upon the mercury 
shorter arm of the siphc 
and it is suspended by a 
thread, which passes roonc 
cylindrical axis, canying ai 
As the level of the mei 
altered, and the weight r, 
lowered in the tube, th( 
moves ; and as the divis 
the circumference of the 
within which it moves, at 
amplified, very slight chai 
veiy easily read off. T 
strument has been made 
e of fiimiti 
, consequently, mux 
ployed by those who consult the barometer as a v 
glass. On this point it is important to undeov 




Kg- 113. 
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principle the barometer is employed to indicate 
logical changes, and tfl appreciate its value as 
SBoh an indicator. 

The fluctuatioDs of the barometer are mainly due to 
aiterations in tlie height of the atmospheric oolunm ; but 
we believe it is also true, that variations are to be detected, 
lesnlting bom the action of serial currents of varying 
temperatures, which produce a local change in' density, 
without at all disturbing the mean height of the mass of 
Mr, The atmosphere must also vary in weight, accordingly 
u it is charged more or less fully with moisture ; tlic 
specific ^avity of dry and moist air, at the same tem- 
perature, being appreciably different. Variationa of heat 
directly alter the pregsure of the air, by forcing it to 
expand or allowing it to contract, and, indirectly, by 
lltB vaporization of water, or by occasioning its oondensa- 
tioii. Now, a consideration of these points will lead to 
a conviction that the observation merely of the height of 
the mercurial column is not of itself suibcicnt to allow 
of «ny correct inference being drawn as lo the probable 
ooudition of the weather. 

It is true that a gradual rising of the mercoiy in general 
presages fine weather, and that a rapid fall almost cer- 
tainly indicates a quickly approachicg storm. It is not, 
however, uncommon to have much rain with a steadily 
rising barometer ; to enjoy fair weather for a long time, 
and the column faUing ; and sometimes we have a tolerably 
rapid diminution of the height of the mercury and no 
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\ particular alteration in the wind. Hence it is only by 
e employment of the barometer, the thennometer, and 
' the hygrometer conjointly, that any correct predication of 
a meteorological change can be ventured on. 

Attention baa been of late directed to an instrmneat 
invented by M. Vidi, of Paris, which he terms an aneroid 
harometer. Its action is dependent on the effect produced 
by atmospheric pressure on a metal bos, from which the 
air has been exhausted. The accompanying figure re- 
presents the interior construction of this instrument, — A 
is a Hut circular metallic box, 
which ia exhansted of air throu^ 
the tnbea, and which ia afterwards 
closed by soldering. This box 
is made with its top and bottom 
of corrugated metal, by whjch 
greater elasticity is obtained, and 
it is firmly fixed to the bottom'. 
of the case B B. In the centr^ 
E of the upper surface of the box is a solid cylindrical' 
I socket 6, about half an inch high, to the top of which the 
[ lever c c is attached. This lever brings the box into a 
[ state of tension, by separating the surfaces ; and it resta 
partly on a spiral spring d, and partly on two fnlemmB 
haTing knife-edges — perfect freedom of motion being 
secured. The end c of this large lever ia attached to a 
[ second lever e, from which a fine watch-chain extends to/, 
I where it is attached to the arbor of the hand, the motion of. 
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which is regukted hy a Aair-sprwg connected with the metal 
plate ff. As the atmosplieric pressure is increased or dimi- 
nished, so is the surface of the box elevated or depressed ; 
and this motion is, it will be readily seen, communicated 
to the index by the arrangement of the levers. Notwith- 
standing the apparent deUcacy of these adjustments, the 
aneroid barometer is not liable to derongemeut if fairly 
used; and from its portability it is exceedingly useful to 
the traveller. Its indications have been compared with 
standard barometers in our observatories, and they are 
found to have a fair average agreement. 

The colnmn of mercury in the barometer has l>een 
observed to undergo regular variations during the day ; 
these are termed horary variaiiom, and are no doubt the 
result of the action, of the solar raya, in producing distur- 
bances in the height of the atmospheric column. Some 
well-attested observations go to show that the barometer 
is influenced by the elevation or depression of the ocean, as 
shown in the phenomena of the tides. In Europe the baro- 
meter is highest in winter at nine o'clock in the morning, 
and lowest at three in the afternoon i and in summer 
the maxiinum occurs at eight, and the minimum at four. 

The measurement of altitudes by the barometer has 
been already mentioned, but it is again necessary to recur 
to this subject for the purpose of drawing attention to the 
natural condition of the air itself. 

The atmosphere is held to the earth by the action of 
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Ity tho influence of calorific repulsion. It will, there- 
f &re, be evident tUat the stratum of air nearest the solid 
I earth must be condensed by the influence of the gravitating 
I force much more atrongly that the upper layers can be; 
I and, at the same time, they are pressed by the column of 
I air above them. The ftrat consequence of this is a rega- 
I larly diminishing density in the air, by its being relieved 
I from pressure as its distance from tte surface of the earth 
I increases ; and a second is the regular reduction of tem- 
I peraturo with its constantly increasing tenuity. As the 

gases constituting the atmosphere, oxygen and nitrogen, 
I expand, they rob aD surrounding bodies of their heat, and 
I lence, the conversion of watety vapour into snow at a 
n elevation, and the entire absence of any aqueous 

vapour in the air above the limits of the moK-line. The 



I heights of the snow-line of s 
\ mountains are as follows ; — 

The .Ups .... 

Mount Etaa 

The Himalajas 

Moiico .... 
\ it wiU be seen from this, that 
[ tropics the line of constant snow 
higher, and that there must be 
of the upper portion of the air to 
I lower layers, which beat they derive from the earth's 
, surface ; and since grnvitation diminiahes with the in- 
L creasing cqmdty for heat, it is evident that the two 



; celebrated masses of 



IS we approach the 
lies naturally much 
1 constant tendency 
emove heat from the 
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myaterioua forcea must be brought to b state nf equili- 
brium &L a certmn mean height above the earth. It is 
well kaown that travellers aacending mountains suffer 
from the eitreme cold produced by the rapidity with 
which the air removes heat from their bodies ; — beyond a 
certain height it would be impossible for any animal to 
exist, for the air would be too t/m to maintain the vital 
actions dependent on respiration, the diminishing of at- 
mospheric pressure would occasion a fatal expansion of 
the fluids of the body, and by the rapidity with which 
the heat of the system was absorbed by the attenuated 
medium, it would perish of cold. 

Although the phenomena due to heat will receive par- 
ticular attention ia the proper place, it appears necessary 
that the atmospheric conditions due to the operation of 
this physical agent should have our consideration in the 
present chapter. 

It has been proved that the solar rajs lose about -J- of 
their caloric in passing through a column of 6,000 feet of 
the atmosphere ; but this is near the surface of the earth, 
a much smaller quantity being of course lost in tlie upper 
and more attenuated regions of the ah. The atmoapheric 
temperature is, however, chiefly due to the heat it derives 
&om the surface of the globe. This occasions a con- 
irtont circulation of the air, — that which is nest the sohd 
iBI&ce becomes warmed and ascends to give place to the 
deaeending column of cold air -. and to this ai'e due those 
Kjl^ gorreuts which we call WiNp.Ek 
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A very familiar iJluatralion of the production of winds 
ii afforded by partially opening the door of a warm apart- 
ment. If ne place a buruiiig taper at the upper part of 
the opening, the flame will take an outward direction, but 
at the lower part it will be blown inward, the warm air 
passing out above and the cold air rushing in below. 

By the unequal warming of the air resting on difCerrait 
parts of the earth's surface, sometimes on the land itud some- 
times on the sen, theac ever-changing currents, the winds, 
are produced. The land commnnicates heat (juicker than 
the water does, consequently it warms the air rapidly; 
I this warm air ascends, and the air cooled by passing over 
i ocean rushes in to supply its place. This gives 
[ rise to the sea-winds which preyail on the sea-shores of 
slands. 

■ As the air receives warmth from the land, it is also re- 
ceiring constant additions of aqueous vapour, owing to 
tlie evaporation which the heat occasions ; consequently, in 
regarding the atmospheric pressure, we have to consider 
the gaseous pressure and the vapour pressure ; but, as 
we have already shown, this vapour column is an exceed- 
ingly short one compared with the gaseous one. 

From the gradual condensation of this vapour, clouds 
are formed, and a rapid condensation produces rain. The 
enormons quantity of water thus held suspended or mixed 
with the air, ia often proved to us hy the large quantity 
which falls during a heavy shower. The condensation of 
aqueous vapour, hy altering the temperature of the mr. 



LAWS OP ELASTIC FLUIDS. 



may be looked Qpon as one of ttie causes producing 
tempests. The most Temarkable winds are the trade-windi 
and the monsoons. These tropical winds blow with great 
regularity constantly from the east towards the west, both 
in the northern and southern hemispheres. Our sailors, 
on a voyage to America, steer southward from Madeira to 
the tropics, when they are carried westward by this current. 
On the north of the equator these winds have a direction 
from the north-east ; on the south of the equator they tend 
from the south-eaat. Their origin is due to the powerful 
heat of the torrid zone, which rarefies the air of that re- 
gion- The air thus rarefied rises, and, to supply its place, 
the colder air from the temperate zones moves towards 
tbe equator. However, these north and south winiJa pass 
from regions where the rotatory motion of the earth's 
surface is less, to those where it is gieatest. If the earth 
did not turn round, they would be north and south winds ; 
but as they approach the equatorial regions they acquire 
additional velocity, and are bent into north-cQ^t and south' 
east winds. 

The trade-winds would blow regularly round the whole 
globe within the distance of about thirty or for^^jiegrees 
from the equator each way, if the space within tm^ e limits 
were ail covered with water; the lai^er espanse of ocean 
they blow over, the more steady the trade-winds are, but 
the uneven surface and unequal temperature of the land 
diverts and disturbs them. The following small map 

Dresents the region and general direction of the trade- 
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^^B winda. — A (Fig^. 115) represents the region of the nortb- 
^^P east trade-wind, b that of the south-east, c the legioD of 
I calms, and d Hint of the monsoons. 
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Pig. 115. 

The monsoons belong to the class of periodical winds ; 
I they blow half the year from one direction, and the other 
I half from another opposite to it. When they shift, a 
I season of variable winds and violent storms prevaiUi wbicli 
\ renders navigation in those seas at such times very dan- 
I gerous. The monsoons are indeed trade-winds, blowing 
[ with some constancy for six months of the year in con- 
trary directions. The south-west monsoon in the northern 
hemisphere, and the north-west monsoon in the southern 
I hemisphere, prevail when the sun is perpendicular to their 
ive regions ; hence, it is satisfactorily shown, that 
they arB,i"Yimediately dependent upon the influenoa of the 
I heat ofi fat luminary. Winds are therefore caused — 
By the ascent of air over tracts of country that are more 

by the sun's rays than others ; 
By evaporation causing a change in the density of the air; 
By a deposit of moisture causing an actual decrease in 
Rts volmne. 
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The velocity and force of tie winds is briefly shown in 
the following table ; the measurements being obtained 
hy inatruments called nneniometers, of which there are 
many varieties, all of them, however, depending upon the 
indication afforded by the pressure of the wind upon a 
carefiilly adjusted snrface. 









Character. 


avoirdupoiB lbs. 




. , '006 . 










. Gentle breeie. 






1'107 . 


. Brisk breiae. 






3'076 . 


. Very brisk. 






6027 . 


. High wind. 






12-300 . 


. Storm. 






31*90 . 


. HurricsDC. 






49'200 . 


. Violent hurricane. 



Professor Dove, who has devoted considerable attention 
to the phenomena of the winds, writes as follows on some 
of the changes mduced by these currents : — 

"When the soulh-vsest wind, constantly increasing in 
force, at leugth predominates, it raises the temperature 
I above the fieezing-poinl ; and the snow is, consequently, 
converted into rain, whilst the barometer falls to the lowest 
mark. The wind then veers round to the west, and the 
d&oae iakea of snow indicate the accession of a colder 
wind no less than the rapid rise of the barometer, the 
motion of the weathercock, and the themiometer. A norli 
wind clears the heavens, and a norih-eant ivind effects a 
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mniiiniun of cold and of the baiometei. Tbis, however, 
is gradually lowered, and tlie occurrence of fine cirri in- 
dicate by the direction from which they come the BdfCnt 

lore Bouthern wind, which is soon felt hy the baro- 
meter, although the weathercock may not have experienced 

iiange, and may still be pointin; 
aouihera wind, however, eontinuea to drive the eastera 
current downward, and on a decided falling of the mercniy 
the weathercock points soath-easl, when the heavens again 
become gradually overcast, and, with the increase of heat, 

ow that had fallen with a soulh-eaat and sout/i wind, 
s again converted into rain bj the soulh-rcesi wind. The 
e then begins again, the change ftoni the east to the 
west course being generally charaeterized by the 
e of a short interval of fine weather." 
Wo have already spo- 
ken of the peculiar re- 
volution of the storms of 
the tropics: of a similar 
character to these are 
whirlwinds and water- 

I. The air often in 
comparatively calm wea- 
ther acquires a whirling 
motion, as we see by the 

T in which diist, dry 
leaves, and sand are taken 
up and whirled along. 
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The usual maimer in whioh a waterspout forms, is, that a 
mass of cloud acquires a revolving motion, by which the 
vapour assumes a conical form, with its vertex tending 
downwards ; at the same time the whirling column of air 
raises the water up into a cone ; which goes on revolving 
until it unites with the cloud, when they progress rapidly 
as a united column of air and water. These curious phe- 
nomena are generally caused by the struggle of two cur- 
rents of air moving in opposite directions. 

Although some allusion has been already made to the dis- 
tribution of vapour in the air, it appears to be necessary 
to a dear understanding of many natural phenomena, 
that the means of ascertaining with correctness the 
amount of moisture in the atmosphere should be described, 
and the actual variations thereof determined. The evji- 
poration of water is a sufficiently familiar plicnonienon. 
K we place a vessel of that fluid in the sunshine, it reduces 
in qioantity — a portion has passed off into the atmosphere 
in a state of vapour, and is as invisible as the air itself. 
Every portion of the surface of the earth coiitaininir 
moisture, and the entire ocean, constantly, during the 
hours of sunshine, send forth vapoury water. This dif- 
fiued yapour only becomes visible to us when it returns 
to its fluid state : — its small water-particles then form cloud 
or mist — or it is deposited as dew or rain. 

The hygrometric character of the air is, of course, con- 
stantly varying ; and for the purpose of measuring these 
variations many instruments have been devised, which are 

M 
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' called hi/grometa-a. Sy a little skill and attention serereJ 

\ thinga may be ao adjusted as to indicate the variatioiu of 
dryness ; — hair, whalebone, straw, wood, paper, and 
other oi^auic suhstaucca, alter in size us they ahsorli 
or part with moisture. If, for example, we fix against a 
wall a long hair or a piece of eatgut, and hang a weight 
at the end of it, it will be observed, as the air becomes diy 

! or moist, tliat these substances alter in length, and, bj 
marking a scale, the two extremities of which are detet- 
tniued by observation, when the air is very dry and when 
\ saturated with moisture, it will be found easy ta 
measure the variations. Instruments, however, of this 

1 class, of which the hcst is that known as Saussure's hakr 

I hygrovtet^i are not to be ao strictly rGlied on as some otheQ 
which depend upon the rate of evaporation. 

e may aitive at vciy correct results as to the amoiHit 
of watery vapour in the air, in the folloiving manner. Goof 
the bulb of n good thermometer by dropping a little ethfi? 
npon it, watch the moment that a ring of dew appean 
upon the upper part, and observe the degree at which 

' mercury stands in the tube. This is called the deK-point i. 
it is that temperature at which the atmosphere would be 
satiu'ated with moisture, by the quantity of aqueon* 
vapour existing in the ab- at the time of observation. A 

I very beautiful instrument, of great accuracy, has been con- 
structed upon this principle by Professor Daniell. It con- 
sists of a curved tube terminating in two bulbs, a, h (Fig. 
117)- The bulb a is either gilt or covered with 
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ttuD platinum foil: this bulb is 

half filled with etker, nnd contains 

a small thermometer, which passes 

into it. The bulb S ia wrapped in 

a piece of fine linen, and the whole 

apparatus is rendered perfectly air- 

L liglit. If ether is dropped upon 

■^1 ball b, it wUl, by the evapora- 

^^B of this volatile spirit, be ra- 

^^P^ reduced in temperature, the Fig. 117. 

Wte of evaporation of the ether varying with the 
moditiou of the atmosphere. The whole tube being filled 
with the vapour of the ether in a, this ia condensed in the 
bufl) i, and evaporation of that in a k increased — it thus 
nbs the glass and its metallic coating of heat, and at length 
a delicate dew suffuses the bulb ; — the thermometer mill 
now indicate the point at which tJiis condensation takes 
plaoB, and the thermometer on the stand of the instrument 
wSi show the natural temperature. To give an example : 
we will suppose the thermometer to stand at 76^, and that 
when the dew forma the temperature ia reduced to 33", 
the difference between these two points being 38° : these 
IK marked as the degrees of dryness. The detc-point is 
therefore 39", at which temperature the air is incapable of 
taking np more water, it being already saturated. By ob- 
serving the rate of evaporation, as measured by a thermo- 
meter iept constantly wet with water, and comparing this 
with another, the bulb of which is dry, we arrive at, iVe 
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same result. This process is colled the observation by the 

I Ay and mei huli Ihertnomekr. 

We say the air i» dry, whea water evaporates quietly — 

I or any wetted surface dries rapidly; — and that 

I damp, when moistened surfaces dry slowly, or not at all, 
and the slightest diminution of temperature occasions a 
deposit of moisture in the form of mist or rain. By 
: expressions we intend only an approsimation to 
the truth. When we call the air dry, it contains much 
moisture, and when demip, it is not at its point of satura- 

i tion, since the temperature must be reduced to occasioii 

I Any dew. 

The quantity of watery vapour in the air is at its a 

' mum in the coldest months, and it incrcaaeB until Jdy> 
when it reaches its maxiainm, and it then decreases to the 
end of the year, constantly vaiying with the temperature. 
Dew, it will now he understood, is only the condeo- 
BBtion of the moisture contained iu the air, upon surfiioes 
which are colder than the atmosphere. itiaU are of b 
eimilar character ; a change of wind reduces the tempera- 
ture below a point at which the air would be saturated. 
with watery vapour, which is then condensed. 

Clouds are, also, mists, formed in the upper regions of! 
the air. It has been proved by very careful observatjon 
that the reason why clouds, being condeuaed water, t 
is, that they consist of small vesicles of water, which, Hfce 
the soapbubhle, float until they become of greater specific 
gravity than the air by which they are surrounded. 
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rtids have been divided iuto several varieties. — The 
eamulHt, which ia a dense cloud rising from the horizon, 
liie mouataiua of snow, grouping themselves in most 
picturesque masses, aud which, when ilhi minuted hj- the 
setting sun, present the most gorgeous appearance. The 
rirrvs, a leathery cloud, which spreads out over the sky 
in fine filaraents. The alralus, a stratified cloud, which 
B often seen to stretch out in long streaks around the 
horizon. 

These are the principal forms, but they pass into 
6ome others; — Iheir combinations Lave been named by 
Lute Howai'd, the cirro-euaivlm, the cmnulo-dratui, &c., 
and the accumulation of these forming the riun-cloud, the 
mibui. 

The quantity of rain which falls, varies with the locaUty, 
and is of course determined by many physical conditions ; 
insular comitries, like our own, having more rain than 
those situated in the centre of large continents ; the 
^aantity of rain falling, and the number of rainy days, 
regnlarly decreasing with the increase of distance from 
the sea, unless iu mountainous districts. Instruments 
mlled raiii-gmigei, are employed to measure the quantity 
of water which falls. These consist of a funnel, the rain re- 
i«?ed in which faUs into a box of the some diameter, and 
the depth of water is measured and expressed in inches. 

It now becomes necessary that the laws which regulate 
the motion of gaseous matter under varying conditions 
should be attentively considered. 
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It is already understood thfit gases are distingnislied 
Irom fluids by their escpaii^ility, — their power of spreading- 
themselves out in aU direcliom, — fluids oulj spreading out 
laterally. It will assist our view of the dynamics of- 
gaseous bodies, if we have a distinct conception of theii 

As far as experiment enables us to judge, we can declan 
that all gases and vapours may, hy depriving them of heat^ 
and subjecting them to a sufficient amount of pressun, 
be reduced to the liquid, and cveBtually to the solid fonn. 
A few gases, — osygen, hydrogen, and nitrogen, — have 
hitherto resisted compression, and hence they have been 
called permaneiillff gateous bodies. We know, however, 
that iu many chemical compounds, — as, for example, in 
nitrate of potash (saltpetre), — we have oitygett, hydrogen, 
and nitrogen, in the form of solid matter; and 
therefore infer, that we may eventually reduce, by 
ohanical means, those gases to the solid state. 

The most recent researches in this interesting brsitdh 
of physical inquiry are those of Dr. Faraday, who says, in 
renewing his original investigation, that " consideratiom 
arising out of the apparent simplicity and unity of thft 
molecular constitution of all bodies, when in the gaseoW 
or vaporous state, which may be expected to paw 
according to some simple law into their liquid state, 
also the hope of seeing nitrogen, oi:ygen, and bydrogeil 
either as liquid or solid bodies, and the latter probably: 
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as a metal, have lately induced me to make many experi- 
ments." 

The following are the gaseous or vaporiform bodies 
which have been rendered either fluid or solid, by extremely 
low temperatures, or by pressure. 





Temp, of 


Temp, of 


Pressure in 




Muidity. 


Solidification. 


Atmospheres 




Deg. of Fahr. 


Deg.of Fabr. 


employed. 


defiant Ozs .... 


106 






Hydriodic Acid . . . 


. • 


— 60 




Hydrobromic Acid . . 


— 100 


— 124 




flnosilicon .... 


— 106 






Phosphuretted Hydrogen 





• • 


3 


Fhioboron 


— 131 






Sulphurous Acid . . . 


• • 


— 105 


2 


Solphuretted Hydrogen . 


• • 


— 122 




Carbonic Acid . , . . 


-70 


— 148 


36 


Eacblorine 


— 75 


— 110 




Nitrons Oxide .... 


• • 


— 150 




Cyanogen 


— 30 


— 100 




Ammonia 


• • 


— 103 




Aneniuretted Hydrogen . 


— 75 






Chlorine 


— 60 


• • 


4 


Nitrons Add .... 


— 45 


• • 


50 



Further consideration of the laws regulating these 
diflPerent conditions of matter are reserved for the section 
on Heat. 

These facts prove, in the most distinct manner, that our 
atmosphere and all gaseous bodies are very compressible, 
and that they are infinitely elastic : we know of no amount 
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[ of rarefaction by which any chemical change can be pro- 
1 duced in these aeriform fluids. 

The motion of gases among themselves has heen already 
noticed in the first chapter of this work, that section 
being chosen to describe what appears to be a pec 
exemplification of attractive force exerted between bodies- 
of different densities. It is not necessary, therefore, to 
refer any further to the law of diffusion, than to drawl 
particular attention to the fact, that it is to this agency 
in particular that the removal of gases from the surfacsi 
of the earth is effected, which iu a concentrated form' 
would be injurious to animal life. 

The laws of motion, which apply to the flowing ol 

liquids, fully apply to gases. In flowing, however, throng 

' tubes and orifices, there is less adhesion in the case of wB 

' than in that of water, and the lighter gases flow with th( 

st ease aud velocity. All apparatus, commonly mada 

' by glass-blowers, having two beat tubes proceeding from 

sides of a bulb containing water, the whole tumin^ 

y on a pivot, over a spirit-lamp, illustrates the fact 

I for vapour, already explained in the case of watw* 

If heat is applied to the water in the bulb, steam isi 

formed, which, rushing out of the tubes, gives a rapid) 

rotatory motion to the toy. Here, a flow of vapour from i 

' lateral orifice produces a reaction on the opposite aide 

I the pressure becomes unequal, and motion results. 

The current of air, or the ascent of smoke, through a 
I chimney, is the result cf rarefaction. When the air 
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chiamey and that of a n 
tliere is no motion ; and, 
air remains of the same 
room is warmed, tbere \ 



om is of the same temperature, 
as often occurs, if the external 
temperature, while that of the 
eiug, omog to the tightness of 



the doors and windows, no regular supply of fresh s 
below, the warm air of the room will ascend through the 
chimney, and the cold air descend by the side of it — two 
currents readily circulating through one tube ; — and this 
is rendered disagreeably sensible to us by the strong smell 
of aoot in such an apartment. The 
direction of the arrows in Fig. 118 
will show the lines of the current, de- 
scending the chimney, and circulating 
round the ppartment. When wc 
light a fire in the grate the warm 
air and vapour at once ascends and 
CTadually it warms the whole length 
of the cliimnp\ and provided theie 
13 a suppU of tieah air (rom btlon 
hy the door or windows u, stir ^ 
Jranght is produced onL cu i 
only now flowing upward m ortin t 
cases In the funnels of steam pick 
and of locomotive engines thei 
reason for beheving that wl pu ii 
motion there is n dow nward current 
Much has been wntten and said o'^ 
late on the subject of ventdation, and r 
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plnns with wliich tha public have been treated, all pro- 
mising to secure the perfect ventiSotioa of rooms, and the 
abflence of ail annoying currents ; tew, however, have been 
successfol, their failure in nearly all cases basing arisen 
from the compKcated machinery introduced to perform a 
very simple operation. In obedience to s natural law, 
light air ascenda, heavy air descends, and by heat we can 
give to air any degree of lightness, and conaeqnently 
produce any degree of ascensional power. It is, of coune, 
important that the air of a room should be changed s» 
frequently as is possible, since human beings I'ery rapidly 
deteriorate the atmosphere in which they are confined, and 
it is injurious to health to expose ttie body to unequal taor 
peratures. All the supply of air to the fire-places in our 
apartments, as they are usually constructed, is derived 
from the openings of the doors or windows, and hence, 
not unfrequently, wheu seated in the line of the current, 
we suffer irom cold on one side, while we are over-heated 
on the other. Those who advocate making our room* 
nearly air-tight, and supplying air by a system of tubes 
from without, are wrong, since the resiUt is, that the body 
thus slooed becomes as delicate as any exotic in a hot- 
house, to which the healthful breath of heaven is death. 
When, at the coldest seasons of the year, it is comfortable 
to sit in a very warm room, the chance of draughts may 
be lessened by having a channel under the fire-plaoe,. 
communieating with the external air; but at all times, u 
Ml and Iree a circnlatiou of air aa can be secured by the 



LAWS OF ELASTIC FLUIDS. 1?] 

largest windows and the widest doors, is semcenble in 
promoting robust health. 

The ventilation of cool-mines is a subject which has 
demanded much attention, from the very melancholy 
catastrophes which, from time to time, take place, owing 
to explosions of fire-dump. Those mines which are in 
the best order, have usually two shafts, one of which is 
colled the itpcasi, and the other the downcast shaft ; the 
object of these being to secure a circulation of air through 
Kveij part of the mine. To many mines one shaft only 
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has bees sunk, and the circulation of air is efiectt 
in/ Wtpe!/eo(^, by dividing it, IFig. 119 represents a s( 
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I tion of the workings of a coal-mine with two shafts. Eefer- 

e to this figure will materially assiat ia explaining the 

I eoaditions, under wluch. explosions occur, sad by wMcli also 

I TentUatian is usunlly effected, a b represent the up- and 

I downcast shafts, commuuicating with the main passages 

t of the workings; and irom tliese, lateral ways are wrought, 

f leaving thin walla or pillars of coal to support the saper- 

I incumbent strata. Supposing these channels to be ell 

1 worked through, as shown in the figure, it will be per- 

I ceived that it will be easy to secure an efficient circalatioil 

■ in the line of the arrows through all these passages, 

ir descending by Aj and ascending by b, after having 

t circulated through the mine. But often the lateral work- 

I ings are not carried through into another Ttinin cban- 

I nel, and tbey thus become bays, in which the air stag- 

I nates; and frequently, when one portion of a seam of 

t coal is worked out, the supporting pillars are removed, 

I and the whole allowed to fall in ; forming then what 

I cnlkd a pen/, g ; in this, to a greater extent than in 

the lateral workings, the air becomes stagnant. Now, 

although means may be adopted to cbauge the air in the 

principal channels, it is a long time before the air ia latfiral 

workings or the goaf is removed. 

Fire-damp ia a carburelted hydrogen gns, arising firom 

I the chemical decomposition of the coal itself. This, when 

I" mixed ia certain proportions with almospberic air, forma 

a highly explosive compound, and the miner, communi- 

i^ eating to it the heat of the flame of his lamp or candle. 
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flccasions its combustion, which, proceeding with terrific 
violence, sweeps down oU before it. By this combustion 
the carburetted bydrogeu is converted into carbonic acid ; 
and those who escape the ravages of the explosion, fall 
victims to the deadening influences of the eholfe-damp. 
Those dreadful accidents frequently occiu' from the follow- 
ing causes. — In some cavity in tbe seam of coal, cai'bu- 
retted hydrogen gas has been long forming, and it 
eventually (by its pressure, perhaps) produces a rent in the 
wall of tbe goaf, or some other part of the mine through 
which it escapes. Being lighter than atmospheric air, it 
accumulates in the roof of tbe goaf, or the workings ; 
eventually a change in tbe barometric pressure occurs, 
and the explosive misture flows out into those parts where 
miners are nt work, and it is by some unfortunate cause 
ignited, when the results arc fenrful. 

Three methods in particular have been adopted to ven- 
tilate such mines. One has been the construction of a 
furnace in tbe upcast shaft, which is supplied with air entirely 
from the mine, and with those which are well constructed 
a current of almost any velocity can be produced. Another 
method is that of idlowing a jet of high-pressure steam 
to flow into tbe npeust shaft. This, like a jet of water, 
has the property of dra^;iug air after it in a remarkable 
manner, and of thus producing a very stroit draught 
through all tbe air-ways. Tbe third plan is to set air into 
rapid motion, by means of a horizontal wheel, arranged 
somewhat like the turbine (Fig. 97), the centre being 



1174 



J OF ELASTIC FLUIDS. 



I eonnected with the shaft of the mine. This wheel, or 

1 ohambered disc, being put in rapid revolution, discharges 

■ the air from lUe openings in its periphery, with great 
i velocity, in obedience to the laws of centrifugal force j and 

1 esrapes, a fresh supply is drawn from the mine, 
|rand thus a current of considerable power is generated. 

Among the more curious phenomena connected with 
I tfae flow of air, we haye a result first noticed by Clement 

■ Deaormes, This experimentalist observed, when an open- 
s made in a vessel of compressed air, and it rushes 

I out with i-iolenee, that, if a plote of metal or wood be 

■ presented against the orifice, after overcomiag the first 
I repulsive aetion of the jet, it is attracted, and rapidly 

■ mcillates within a short distance of tiie opening. 

This experiment may, however, be very simply tried. — 
1 placing the fingers closely together, nnd the hand 
f liorizontBlly, with the palm turned downwards, a series of 
intervals will remain between the joints. If we apply 
the mouth to the space between the index and the middle 
finger, and blow with as much force as possible, and then 
place a piece of paper, three or four inches in diamet^, 
it will be sustained against the force of gravitation as 
long as the current of air ia energetically maintained ; on 
ceasing to blow it will fall to the ground. 

llie emrent of air, on escaping through the opening 
against the opposing disc, expands itself into a thin sheet 
of air, flowing out between the two surfaces, and it then 
exerts a lateral attractive force, precisely similar to that 
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exhibited by the sides of a strong jet of air, steam, or 
water. This explanation is not the one usually given ; 
but it is much less complicated, and, it is believed, will be 
found completely sufficient to explain the phenomenon. 

To this department of science belongs the examination 
of the laws regulating the pressure of steam at various 
temperatures ; and the important improvements which have 
been made in the application of steam power, are referable 
to a close examination of all these apparently abstract 
phenomena. Some of the conditions of steam will be 
noticed under the section devoted to the consideration of 
the laws of Heat, and beyond these it is thought that it 
would be unwise to introduce these high-class examina- 
tions, aided, as they must of necessity be, by mathematics, 
in the present work. 




CHAPl'EK V. 

THE SONOHOUS MOYEMEST OF BODIES, 

f Acoustics (from anovia, to liear). The production t^ Stmni 

al. — The Eur fojius one of the moat important 

I diannels of conuection lietweeti the miiid nnd the external 

I world ; — without this organ ive should have no perception 

lof sound, and the world would lose u large amount of those 

I;[ilea3uies which we eujoy through this medium of sensatios. 

As we appieciate musical harmony and every variety of 

lonoroiis undulation by the ear, a brief deacription of lift 

I itructure of that organ appears a proper introduction to the 

V Physics of Sound. The external car consists of a fimnel- 

lahaped cartilaginous mouth (I'ig, 130), called the aurieula, 

Worjmna, and sometimes the ala, or wing ; the pendent part 

ing named the lobe. The auricula, receiving many vessels 
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and nerves, is exceedingly sensible, and ia reddened by 
even alight mental emotion. The auditory passage within 
the external ear, called the meatui aadilorius, Icsila to the 
iaterual organs, extending to the membrane of the t^m- 
panum, or drum, which covers the cavity of the tym- 
panum, a atnall opening in the hardest part of the skul). 
This communicateB with 
the mouth by the Eusta- 
chian tube, through which 
it is filled with air, thp 
joemirana ti/mpani pre- 
venting, unless it is in- 
jured, the admission of 
any air through the ex- rig. I2(i. 

temal ear. The cavities of the internal ear, or labyrinth, 
are hollowed oui; of the temporal bone, and contain a very 
thin and limpid fluid, in which floats the acouatic or audi- 
tor]/ nerve, divided into two bundles of line threads ; which 
is the most essential part of the organ of hearing, as even 
the membrane of the tympanum may be injured, without 
a total loss of hearing. 

The external ear receives the waves of sound, and trans- 
mits them along the nwate auditoriui to the jnem&rana 
lympaai, which ia set into a state of corresponding vibra- 
tion. These pulsations are continued by three small bones, 
the taalleas, the incut, and the stapes, connected with 
the 01 orbiculare ; the whole forming a singularly con- 
nected'chain between i\ie foramen ovale and the membrane 
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of tbe tympimum. There are many parts of exceediiig; 
delicacy, and aemiarcular channels, which appeai to tn 
to distinguish the direction of sound, which hn 
not been described, irom a irish to confine attentjon 1 
the principal parts of this wonderful oouBtructioii. ' 
must, however, he stated that the skull itself is adm 
rably adapted for receiviag those impulsiye tremors t 
which sounds depend, the phenomena of which must ll 
now described. 

A clear appreciation of wave-motian is neoesBai; 1 
nnderstand the philosophj' of sound, and also of H 
theories of light and heat which invoive the idea of u 
lations. 

If we throw a. stoae upon water, it of course t 
the spot on which it falls ; and as the particles i 
to their position, circular waves spread themaelves in ■ 
directions from that spot as a ceutre. These waves con 
sist of alternate elevations and depressioas of the fluid i 
the water itself docs not share in the advancing modoH 
of the wave, for a floating body is moved up and dowq 
but not onward, by the undulations. Waves depend upra 
the force of gravity ; — au elevation or a depression 
dnced in the water, and the particles of the fluid si 
compelled, in obedience to this power, to restore the d 
turbed equilibrium, and produce anew the horizou 
plane. These movements are termed uitdulatums, vi6$ 
tiotui, and o»cUlat'u»is ; tliey are divisible into two Idnda 
Fasten a cord at ouc end, hold the other in the 1i«wt 
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and lisviag strained it tight, move the cud you hold 
sharply up and down, and a wave will be formed, 
which will proceed along the string. This is a prO' 
ffresiive vibration. 

Secure a piece of catgut at both ends, h h, and them strike 
it, or, raising it at two 
points, set it sudden- 
ly free, and we form [ 
stationary Ktidulaiiotis. Fig. 121, 

The string will alternately rise and fall, the elevation be- 
coming the depression, and the contrary ; certain points of 
test, a a, will be observed, which are called the nodal poiats, 
or lines of repose. We may illnatrate this with a violin 
or an Solian harp. If we place upon one of the strings 
several pieces of paper, b, c, f, rf, and lightly touch the string 
with a bow, the undulations of the string Hill be shown by 




the pieces ot paper being thrown off, as they are situated 
at the point of elevation or depression of the wares. 
We may determine the order of \ ibration, and consequently 
the nodal points, by touching the string with the linger of 
one hand, a (Fig. 122), as with the other hand the string 
is Btnick with the how. The small pieces of paper, i, c, rf, 
N 2 
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will then fly off from tlie vibratiog portions, but the pieoB' 
situated at tliat point of division, e, whinli corresponds vnA 
the point of rest made by the finger, will remain 
turbed. 

Solid, fluid, and nerifonu bodies admit of bein^ setidi 
yibration. Fine wires are susceptible of three kinds of 
vibration, — Tramterae vibrations are produced bj pulling 
a stretched wire by the centre, and suddenly letting it go} 
louffiludinal vibrations, by straining a wire with a weight) 
raising it, and allowing the weight to fall ; while rolatorf 
vibrations are formed by twisting the wire by the weigh^ 
and setting it free. 

Experiment and theory have determined the foUoviq 
principal laws of these vibrations : — Like the oscillfttiDii 
of the pendulum, they occupy each an equal duratLon 
time, and are, therefore, said to be Uoc&rt^ious ; an^ 
secondly, the number of vibrations become more rapid 8 
the force of tension, or the body's elasticity, be increased. 

Experiments show, that in equal times 
the number of vibrations in a uniform 
is inversely as the square of the 
vibrating parts. If we &i a steel wu'e, 
I a vice, B, of such a length that it 
vibrates from e to c, when struck with a 
certain force, twice in a second, and then 
reduce its length one-half, it would make 
eight vibrations ; or, if shortened to one- 
fourth, thirty-two vibrations in the same 
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or rods thus set in motion deacribe variously cunxd lines ; 
and, if a polished knob is fixed on the free end, these dif- 
ferent curves are clearly seen, This principle is involved 
in Wheatstone's Kaleidopkon, which consists of a circular 
base of wood, about nine inches in diameter and one inch 
thick. Into four sockets, a, b, c, d, are screwed as many ver- 
tical steel wires, about twelve or fourteen inches long. One 
rod should be square ; another, 
a ojlindrical one bent ; and the 
others, cylindrical of different di- 
ameters ; the tops of each carry- 
mg quicksilvered beads. When 
any of these rods are set vi- 
bratiDgi the iastrument being 
placed in the sunshine or a strong 
light, the luminous images wiU 
fbnn continuous and returning 
curve lines in a state of constant 
variation. 

It mill be evident, if we take tense n 
tions of stretched lines partake of the character of the 
oscillations of the pendulum. Tliis may be studied easily 
by stretching a wire 
horizontally (Fig. 125), 
raising the wire at b, 
and setting it free, — it 
will, by virtue of its pj_ ;igg 

elastic force, return to its first position ; but, like the pen- 
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ire, that the vibra- 
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doluin, it bas acquired momentum, and is carried on with 
decreasing Telocity to the opposite end of the line b, when 
its cohesive force reduces its elastic force to nothing;. It then 
returns from 6, oscillates towords a c, and thus moves be- 
tween the two points of i, until its motion is extinguished, 
and it ag&in rests in ita longitudinal position. 

When a water-wave strikes against any solid body, it is 
thrown backward — this is called a refiexma of the wave ; — 
the reflected wavea taking their forma from the outline of 
the surface against which ttie primary wave impinged. 
Obtaining a vessel^ narrow compared with its length, and 
placing it upon a level surface, fill it with mercury, then 
by sUghtly elevating one end of the bos, produce a wave, 
which will traverse steadily to the opposite end ; striking 
against the wood, the wave is thrown back, or reflected. 
The wave was started by a certain force appUedj as it 
strikes ogainat the end of the bos, a portion of that foiOB 

destroyed, and the reflected wave is neither ao high nor 
80 long as the primary wave. In thia way, wave phe- 
nomena in duid bodies, which really differ ia no essential 
particular from undulations in solid ones, may be coure- 
niently studied. 

give an impulse to the fluid by a blow at both 
ends of the boi, two wavea will be formed, which will 
intercept each other. If they meet in exactly opposite 
directions, and have moved in equal times, ao that their 
points of elevation coincide, a wave of double the height 
of the single one will occur ; or if the two depressions 
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meet, a depression of double depth will be produced ; but 
if en elevation meet a depreeaiou, the wave is annihilated : 
— thia ia termed the interferenee of waves. 

Precisely similar reaulta may be produced in a cii'cular 
vessel, by producing a diBturbance from the centre, or 
from two points a little distant from the centre ; or the 
experiment may be easily tried by placing a large basin 
of water on a cane-bottomed chair, and producing regular 
or irregular vibrations by striking the elastic cane. 

Curious wave phenomena may be noticed when a steam- 
boat is passing along a comparatively narrow channel. If 
a point is observed in advance of the boat, as a stone on 
a beach, or a plant on the bani, it will he seen, long before 
the boat arrives opposite that point, that the water recedes 
considerably, and that this recession increases as the boat 
passes it. This arises from the paddle-wheeb throwing 
back the water, and forming a trough, or hollow, into 
which the water in advance of the boat rushes; and thia 
increases with the speed at which the paddle-wheels are 
driveE. In thia way the levels of the water before and 
behind the ateam-boat are alteretl, and the effort to restore 
horizoiitality may be observed in the series of large waves, 
which will be seen over the stem of the boat following 
one another at nearly equal speed. These waves, spread- 
ing, break at length against the bank, and submerge the 
point which had been previously dry. Where rashes grow 
in the water, these wave-motious are rendered very striking 
the movemeat of the plants. 
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The importance of these undulations of water 
great. Did not the great ocean, by tie mobility of i 
tides, yield to every disturhance, it would soon be tendered 
putrid ; but these disturliancea present the organic eiuria 
which the sea contains to the action of active chemical 
agencies, and thus putrescence is prevented. The in- 
fluences at work on the ocean are, the attractions of the 
sun and moon, producing the great tidal wave ; the rota- 
tion of the earth on her a.\is, which gives rise to a constant 
easterly current ; the action of heat commencing those great 
ocean currents which flow from the warmer to the colder 
portions of the earth ; and the winds, which, in their 
calmest movements, merely ripple the surface, but which, 
in their more violent actions, stir the ocean to a very 
considerable depth. 

Waves of air may be regarded as presenting tho same 
phenomena as the waves of water, modified only by the 
compressibility and elasticity of gaseous particles. The 
beautiful mathematical investigation of the laws of 
aerial pulsations, as carried out by Weber and Eiaenlohr, 

of too refined a character for a work intended to be 
purely elementary ; the wave phenomena, therefore, which 

? been already described, will sufficiently answer to 
explain the rudimentary laws of those undulations which 

luce sound. 

'ound originates in vibration : — a long piece of steel 
spring vibrates slowly, and no sound is heard ; a short 
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piece vibrates so quietly thnt its vibrations eanuot be seen, 
and sound is the result. 

The character of sound-vibrationa may be rendered 
evident to sight by many simple contrivances ; as, by a 
ball hung by a string to a bell, — by pieces of paper, as 
already described, on a violin-string, — or by sand placed on 
the sounding-board of a piano or any other stringed in- 
stmment. "When, again, miiBical notes are produced by 
drawing the wet finger round the edge of a glass con- 
taining Bome water, waifes will be seen undulating from 
the sides towards the centre. 

If we strike a tuning-fork, and then touch a surface of 
mercury, waves will be produced corresponding to tbe 
tremor giving rise to the (rae, If we touch a glass disc, 
or hold a tuning-fork over an open cylinder, or a glass 
which has any fine 
dust upon it, 
water in it, we may 
render the vibrn- 
doQS very apparent, 
and the mode of ex- 
citing and maintain- 
ing the vibrations of n column of air may thus be shown : 
—Take a common tuning-fork {Fig. 136), and on one of its 
branches fasten, with sealing-wax, a circular disc of card of 
the size of a small wafer, which will cover the aperture of a 
pipe. If the fork be set in vibration by a blow on the 
unprepared branch, and the disc be held close over the 
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iF tbe pipe, a note of great atrengtli and cleanieBS 

■will be heard. The most interesting and instmctiTe 

method of studjing these aound-vidration* is, however, by 

the production of acoustic figures, ia the manner first 

derised by Chlndni. 

If we take scjuare or round pieces of glass or metal, 

and, having strewed 

OFcr the surface some 

ftne sand or other nOD- 

adherent powder, draw 

the bow of a violin 

along its edge, various 

very interesting figures 

will he formed (Fig. 137) ; and by employing a clamp, 

as shown in Pig. 128, so as to pinch the plates in various 
i parts, these figures nmy be i^uriously 

diversified, If, instend of a solid 

plate, we stretch a thin sheet of wet 
I paper over the mouth of a tumhler- 
I glass, by glueing its edges, and then, 

when dry, strew sand upon its surface, 

we may produce the some result. If, Kg. 128. 

I when a glass plate is vibrating, it ia brought near to a 
I glass thus prepared, the sand upon the paper will exactly 
I imitate the motion of that ujioa the plate. If the glass 
[ plate, in plnce of vibrating horiioutolly, is made to vibrate 
a inclined position, the lines of sand ou the strttched 
j paper will change their character with every variation in 
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the inclination of the pi ite 

tern ore fonning 

we breathe o^er 

the paper, they 

are unniedintely 

changed borne fi -^ 

of these curious ' — 

forma are repre * ' ° 

seated id Tig 129 Tig 139 

A very pleasing variation of these espenments may be 
made with flat glass rulers or cylinders By these also, 
we may prove the communication of vibrations from one 
body to another 4. long flat glass ruler is to be cemented 
by a httle shell Joe to a tumbler glass, and supported m 
a borizoatal position by a piece of cotk at tbe other end 
(Big- 130). Let the tumbler he set ia vibration by a 
bow, or a wet finger, on the aide opposite to the glass 



Fig. 130. 
ruler, it will vibrate transversely, and these motions will 
be oommuuicflted to the rod without any change in their 
direction, as will be rendered apparent by strewing sand 
upon the aorface of the ruler, when the vibrations and the 
nodal lines will be well raarlted. 
By such means as these, the undulations, which are 
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^H produced hy nmsical notes in tbe conununicatuig medium 
^P — the air — may be detected at a cODsiderable distance 
from a violin, pianoforte, or harp, when played. 

These eKperinicntal illustrations sufficiently explain, that 
souud residts from vibrotions set up upon the membrane of 
I the tympanum ; and that the atraosphere is necessary to com- 
I ffiunioate it, may be proved by placing a bell in the receiver 
I- of an air-pump. WTien the glass is fill! of air the glass offers 
I but little interruption to the sound, bnt if the air is slowly 
I withdrawn, the ringmg becomes less distinct, and eventually 
the clapper will be seen to strike the bell without pro- 
ony audible vibration. This arises from the absence 
of im elastic medium of sufRcient density to convey the 
Tibrotions. If a bell is rung in a receiver of hydrogen 
i, the sound of it is scarcely audible ; and if we fill the 
I Inngs — by breathing — with the same gas, and attempt to 
I apeak, it will be found that the most manly voice sinks 
f into a childish treble : — this is owiug to the tenuity of the 
1 undulating medium. Similar results are obtained by 
r ascending into the more rarefied regions of the atmosphere. 
Saussure relates, that when on the summit of Mont Blanc, 
the explosion of a pistol appeared no louder than that of 
a small cracker. Those who have descended in a diving- 
bell, must, on the contrary, have esperienced the painlul 
intensity of sound produced in a condensed volume of air. 
I Supposing the air to be at rest, the intensity of sound 
I diminishes iu the inverse ratio of the squares of the 
\ distauces of the sounding body ; but, when winds are 
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blowing from the listener to the sonorous body, this law 
is completely subverted. 

Under some peculiar atmospheric conditions, sounds 
are often heard at considerable distances ; the noise of 
cannon, it is said, has been heard at a distance of two 
hundred miles. It is related, tliat in one of Captain 
Parry's voyages Lieut. Foster held a conversation with a 
man across the harbour of Port Bowen, the distance being 
8 mile and a quarter. On one occasion, the author of this 
volume, walking in the still summer twilight on the shore 
of the Mount's Bay, heard distinctly the conversation 
of two fishermen in their boat, which was at least a 
mite from the spot on which he was standing. The 
intensity of sound is varied by everything tending to alter 
the elasticity of the conducting medium. The wind, baro- 
metric pressure, changes in temperature, and variations in 
the hygometric character of the atmosphere, all produce 
alteration in the character of sound. Sound is heard to a 
greater distance over water than over land, owing to the 
fadlity with which one undulates compared with the other. 

Sir John Herschel has proved that sounds of every 
intensity travel, when the temperature is at 62° Fahrenheit, 
at a rate of 1125 feet per second, or equal to 765 miles 

If standing on an eminence at some distance from a 
cannon which is fired, we observe the light from the 
eiplosiou some time before the sound of the discharge 
reaches us: we may calculate the distance by noticing with 
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tuxuTBc; how many seconds elapse between the moment 

the light b seen, and that at which the sound is heard. 

ne perceive a flash of lightning, and tnenty seconds 

afterwards we hear the first burst of the thunder : — if w( 

multiply 11S5 feet, the number of feet sound traverses ii 

I a second, by SO seconds, we have 32,500 feet as the dis- 

I tance of the electrical cloud from vthich the lightning and 

I the thunder proceeded. 

The proof of this may be always afforded by observing 

s man striking blows with a hammer at some distance : 

I we shHll tee the blow struck a considerable time before 

I we hear the sound of the blow. 

That the intensity of sound vai'ics with the density of 
tlie vibrating medium, is proved by esperimeuts on the 
powers with which different bodies convey sonorons vibra- 
tions. Hold ft watch at such a distance from a person 
that its ticking is not heard through the air, then place 
' the watch and the ear of the individual at two extremities 
I of a piece of wood of the requii'ed length, and its beating 
I will be Teiy distinctly heard. By the tsperiments of 
I Laplace and Chladni, we have the following results of the 
\ rates at which different substances conduct sound : — 
Suppoang the rate of Bound in 

Atmospheric Air to be . ' . 1 

Distilled Water wiU be .... 4-5 

SaUae Water 47 

Tin 7-B 

Cast Iron 10 

Copper la 

Wood IB 
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Sound-waves are capable of reflection in the aame 
manner as the undulatioDs of water ; and to thie evf. 
due the curious phenomena of echoes. There are several 
very lemarkable echoes in our islands j among the moat 
striking are the following : — 

An echo in Woodstock Park, Oxfordshire, repeats seven- 
teen syllables by day and twenty by night. In Gloueeater 
Cathedral, an echo conveys a whisper seventy-five feet 
&CI03S the nave. The suspension bridge ncross the Menai 
Straits repeats a blow with a hammer twenty-eight times 
in five seconds. On the Lakes of KiUarney is a remark- 
ably fine echo. On the north side of Shipley Church, in 
Susses, an echo repeats twenty-one syllables. 

The rolling of thunder has been attributed to echoea 
among the clouds ; and if it is considered that clouds are 
collected masses of vapour, it wdl be seen that such 
echoes from these may prolong the sound, .But Sir John 
Herachel suggests, that the rolling of thunder more 
probably arises from a auccesEJon of blows given to the 
air by the electric discharge, so that the car receives a 
series of sounds arriving from different distances along 
the line of discharge. 

The want of attention to the phenomena of echo and 
the laws of sounds, leads to moat wretched arrangements 
in nearly all our buildings devoted either to the purposes 
of music OT oratory. 

Some pleasing effects are due to the reflection of the waves 
of sound from some surface at a distance from the speaker. 
If two reflectors arc used, and if, as in the whispering 
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^^H galleiy at St, Paul's, a persoii whispers in the focua of one 
^^H Doncavity, the unduktiou is at ouce communicated to the 
^^H listener in the focus of the other. By fonuiug artificially 
^^H a number of these reflecting surfaces, several repetitions of 
^^V a sound may be effected, and the celebrated echo at 
Woodstock is due to these frequently returning waves. 
It has been already explained that two aqueous undu- 
1 lations may destroy each other : in the same maimer, two 

sonorous undulations may produce silence. That two lond 
I sounds should be made to produce silence is among the 
' most magical of scieutilic effects. 

If two equal and similar strings, or equal columns of 

lir in pipes, vibrate at the same rate, they n 

I equal volumes of sound ; and if the two volumes of sound 

e produced at Ihe same time, they give rise to a soujod 

I double the strength of either separately : i 

I of the water-waves, the undulations coincide, and meet at 

the point of greatest elevation to swell into one note. Now, 

e so regulate the vibrations of one, that it is not in 

on with the other, — the difference, however, between 

I them being exceedingly slight, — the quicker vibrations 

ne will overtake the slower vibrations of the other, 

I and at a certain vibration, the depression of one wave is 

filled with the elevation of another, and no sound i 

[ heard; — absolute silence results, and at intervals in the 

I vibrations the negation of sound r 

Musical notes are produced hy regular nndtilatioDS — 
waves following each other with perfect unifonnity. Noi»» 
is the result of very irregular or disturbed wave-motion. 
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A certfliii number of vibrations are neceaaary to produce 
a iwfr. The gravest musical sound appears to be pro- 
duced by about 16, and the sharpest by 3,000 vibra- 
tions in a second ; but this varies greatly with alraost 
every ear. It is only, for example, by an effort, and wben 
attention ia directed to it, that the author can detect the 
chirp of the cricket- A highly sensitive ear is said to be 
capable of appreciating the sound produced by 34,000 
vibrations in a second. 

The diatonic icale, or gamut, conaiats of seven notes, 
which are distinguished by the seven first tetters of the 
alphobet, or by the seven syllables do, re, mi, fa, ml, la, si. 
The pitch of sound depends upon the number of vibra- 
tions that the sounding body makes in a given time, and 
this, of course, is determined by several causes. 

If a string of a pianoforte is stretched between two 
supports, the pitch of sound which it will produce, on 
being struck, varies — aa it is more or leas intensely 
stretched, — with the variations in the length of the string, 
— and also with the weight of tlie string. Indeed, every- 
thing which ocifflsiona an alteration in the number of 
vibrations, gives rise to a different intensity of sound. 

We will suppose we have a string thirty-two inches in 
length, which gives a certain h^-note. If the length of 
the string is reduced one-half, we then have the octave of 
that note. Between the octave and its key-note there is 
a natural gradation by intervals in the pitch of tone ; the 
.lacending intervals between the nole and its octave being 
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more agreeable than any other; the octave, as its name 
implies, being the eigiitli pitch qf tone, the whole forming 
a complete scale of music, called the natural scale. 

The length of the string producing the primary note 
being thirty-two inches, the lengLha of the atrings to pro- 
duce the tones in the entire scale are — 

33, 30, 37, 24, 21, 20, IS. 16. 
The pitch of the different musical tones are represented 
to the eye by employing five parallel lines, called a staff, 
nr BtavE, the degree of pitch being .shown by characters 
placed upon those lines or on the spaces between them, 
as in Fig. 131, these cha- 
racters being called notes i 
the whole in this example IV- 131. 

representing one octave and part of another. 

If the notes combiniog with another note — which we 
will call c — to make an agreeable impression on the ear, be 
examined, they will be found to be those which stand in a 
certain relation to C, in the rapidity of their oscillatioina ; 
their wave lengths being \, f, i | of the length of the 

In stretched strings the following laws prevail : — 

1. The number of vibrations of a string is inversely u 
its length. 

2. The number of the vibrations of a string is pro 
portiona! to the square root of the stretching force, 

3. The number of vibrations of different strings of tl 
same substance ia invereely as their thickness. 
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The vibrations of a column of air in a pipe may be 
regarded as obeying the aaiue general laws : notes are 
naturally higher in proportion to the shortness of the 
pipes. The air-waves impelled through the Pandean pipes, 
the pipes of an organ, a flute, a clarionet, or a trumpet, 
iaipari corresponding vibrations to the sounding material, 
and hence the diiference in the tones and intensity of 
different iustruments. That musical notes are thus pro- 
duced in aoUd masses is proved by placing a bar of metal, 
which has been heated, to cool, with one end supported 
upon a wedge-shaped piece of metal, of another kind, as 
in Fig. 133 ; — a piece of iron, for example, upon a piece 
of lead. M 
sioil sounds, s 
milar to tl 
tremulous notes * 
of an ^olian ^''S- 132. 

liarp, ore produced under these conditions, and they 
will be found to vary under almost every change of the 
circumstances. These tones are due to the molecular 
disturbance producing very rapid pulsations, in a regular 
aeries, along the bar. 

Musical notes may also be produced by placing a long 
bar of metal within a helix of copper wire, resting its 
eitremities upon some fine edge of a non-sonorous body, 
and then, by connecting the wire with a galvanic battery, 
pruducing an electrical disturbance along the wire ; — erery 
time connection is made or broken, a distinct musical 
o 2 
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note is distinctly heard. The chemical harmomcon is an 
interesting esemplification of another of these wave 
nomena. The beat mode of safely trying the experiment 

s follows : — Tate a large hottle, and fit into the cork 
of it a tube which has a very fine orifice. Place 
granulated zinc iu the bottle, and pour upon the metal 
some very diluted sulphuric acid, and insert the cork. 
Hydrogen gas is thus formed, which will issue from the jet 
with some degree of force. Allow the gas to escape for 
a few minutes, that the atmospheric air which was in the 
bottle may be got rid of, and then ignite the jet of gas 
issuing out, which will hum with a small blue flame, giving 
bat little light. K over this flame a glass tube is held, and 
gradually moved up and down, n very clear note is 
duced, the pitch of the note varying with the thicknesg 
of tlie glasa in the tube, its length, and many othar 

ses. The musical notes are produced in this instance 
by a rapid succession of small explosions, as the hydrogen 
gas mixes with common air iu the tube. 

The organs of speech present to us an exceed 
beautiful contrivance, adapted for the production of every 
variety of sound. They consist of the windpipe, a tube 
entending from one extremity of the throat to the other 
ending in the lungs, through which the air passes to and' 
from these organs of respiration ; the larynx, formed of 
four cartilages, the cricoid, the thyroid, and two arytenoid — 
these are moved and varied by means of different seta of 
muscles; ihegloUis, formed principally by the cwori/iecocflfci, 
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wliidi aie merely a very elastio tissue ; and the venirieuli 
itorgoffni, which form a sort of aeco[id glottis. The fol- 
lowing figures show the formation of the larynx ; — the 




this ot^aii. 

I 



Fig. 133. 

fint Kprese&ts an anterior, the second n lateral, the third 
■ posterior, and the fourth a superior view of this ot^aii. 

The formation of notes in the larynx is pre- a 
dsely similar to that of reed-pipes, as may he 
illaatrflted by the following arrangement ;— 
Take a piece of sheet India-rubber, and fold 
it around a glass cylinder, as in Fig. ISi ; then, 
' warming the two edges, they may be easily Fig. 134. 
i, and form an external cyHnder of caoutchouc. This 
its the mouth : and by blowing into the 
irj'bnder, and stretching out the India- 
to imitate the action of the lips, a 
i Tariety of tones may be produced. 
. cmrious pipe is employed in the Organ to 
the human voica (Pig. 135). It is com- 
of a very abort conical tube, the base 
. surmounted hy a short cyUnder, and the 
. is regulated entirely by the reed. There is 

' operculum which half closes the open „. ,„. 
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end of the cylinder, to imitate thelipa ; the reed perforra- 
bg the part of the larjns, and the pipe itself of the 
I cavity of the throat and mouth. 

Fig. 136 represents the go-called ehirancy-pipes 
^..___,^ of the same inBtmment, which 

I' J14. BI^ closed at the upper end by 
igntsa, through the centre of which 
passes a pipe of small diameter, as 
a continuation to the lower one ; 
these produce sounds intermediate 
L~J between the tones of open and 
W stopped pipes. The coDstruction of 
rig. 1S6. them is given, as showing a very 

r simple form of pipe by whicbj with the one previously 
drawn, a great variety of interesting csperimentB maj be 

Such are the principal phenomena which belong to the 
interesting subject of sonorous wave-vibration. 




CHAPTEE VI. 

PRIMARY PHENOMENA OF ELECTRIcri'V. 

Electricity, — froni ijXdcrpop, electron, amber; — Thales 
of Miletus Lnving firat observed a peculiar attractive and 
repulsive power in that substance, whicli was eTCutunlly 
proved to be due to n subtile principle, supposed to per- 
vade all nature, and whieh. certainly is one of the most 
important of the great physical agents. 

Some of the peculiar phenomena of electricity are very 
easily rendered evident : — Take a stick of seoliug-was, 
ond after having rubbed it freely upon a coat-sleeve, or 
with a piece of woollen or silk, pass it an inch or two 
above small fragments of paper or metal leaf, when they 
will be forcibly attracted, and cling to it. 

Or, take a sheet of ordinary writing-paper, and having 
dried it by the fire, place it upon a dry painted table- 
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I' cover, and mb it smartly with a piece of lodia-rubber. 
I On attempting to lift up the paper from the table by one 
t corner, it will be found to adhere with some force to the 
I cloth 1 when we hold it in the air, and present the 
I knuckle to it, if in a dark room, a little spark of brilhant 
I light will be seen to pnaa from the paper, and at the si 
I time a small sharp crack may be distinguished. 

If a dry glass tube is taken, and rubbed freely t 

i end to end with a warm ailk handkerchief, in the dark, 

I streams of light wdl be seen, a crackling noise 

heard, we shall become sensible of a remarkable smell, 

[ and, if the tube is held near the face, a pecohai Greeping 

I gensatioii will be felt. 

Gulla jiercha has very pecuhar electrical properties. 
These are shown in a striking manner, if we take a 
I dry piece of this substance rolled into a thin sheet, 
I and, in a dark room, strike the fingers briskly over its 
I amface ; — sparks, flashes, and luminous streams will be 
I to follow them, and a crackling noise will be dis- 
tinctly heard. 

By suspending from any convenient support a l^lit 
' body, as a ball made from the pith of the elder, we maj'< 
ne a little more closely the peculiar conditions of 
attraction and repulsion. If towards a ball thus sus- 
pended we bring a glass rod, excited, as before described, 
' by rubbing, it will be attracted towards and adiiere to the 
I tube. After a short time the ball wdl fall off from the 
i, and be repelled by it as forcibly as it was previoualy 
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attracted, nor will it be again attracted until it has touched 
some body ia coutact with the earth, and thus re-acqnired 
the property it has lost. If, while this repulsive force is 
being exerted, a piece of sealing-wax excited by rubbing 
is brought near the ball, it will be immediately attracted j 
having clung for a few seconds to the seaiing-wax, it will 
leave it, and rush towards the glass tube, and in a short 
time qnitting the glass, it will pass over again to the resin. 
Thos, if the sealing-wax and the glass tube ate placed 
sufficiently near, the ball tvill continue to pendulate 
between them. 

The cause which gives rise to these enrious phenomena 
is unknown to ns. We are enabled to examine a great 
variety of effects, but the agency to which these tire due 
does not appear to be within reach of human intelligence. 
Various theories have been, fiom time to time, propounded, 
having different degrees of value, as enabling us to 
scccnint for many of the phenomena, the most important 
being the following. — 

Newton thought that electric bodies, when excited, 
emitted, In consequence of the disturbance of their mole- 
cular arrangement, a very attenuated fluid. 

The theory of Jay and Syramer supposed an exceedmglj 
thin and subtile fluid pervading the most compact bodies, 
which was a compound of two ultimate elements, dis- 
tinguished by them into eitreoui electricity, or that given 
off firom glass, and resinous, or such as we find developed 
Upon nibbing a stick of sealing-wax. Each kind of 
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electricity was auppoaed to repel its own particlps, but to 
attract the pEirticlea of the other kind. Wbea tbese 
primary electric elements are disunited, they manifest their 
powers energetically in endeavouring to restore an equi- 
librium. Now, if we suppose vitreous electricity to he in 
excess, or rendered active, it tends to disturb the dormant 
electricity of the other kind, and a neutral body is thus 
excited, or an electrical disturbance is induced, — this con- 
stituting what is caUed induction. It will be evident, upoft 
consideration, that n((racton is the consequence of this; 
the opposite electricities endeavour to combine, and ex- 
cited bodies free to move attract each other : r^uUkit 
being supposed to spring from an excess of one kind 
dectricitj in the repellent substances j — this, howeTBfj 
appears to be the weak part of this theory. 

The B^aaMinian theory, so called from ha ha^^ 
originated with the celebrated Dr. Franklin, suppoaea iM 
existence of a single imponderable highly subtile and 
elastic fluid, equally distributed throughout nature ; eietj 
substance, organic or inorganic, being constituted to i 
a given quantity of this agent, as being neceasai7 to ita 
physical condition, but when in repose offering no evidenctf 
of the electrical presence. Any disturbance of the db- 
tural state of a body produces evidences of electricity; 
electrical exdtaiion being supposed to arise from tlW' 
difference in the relative quantities of this principle exist- 
ing in the electric and the rubber, or in their powers 
receiving and retaining electricity. Thus, one body 
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becomea oveTcharged by liaTing abstracted thia prinriple 
from the other. These conditions are called ;??h3 and minm, 
or we say one body is poaitise, nnd Llie other negatiiie. 
There being a constflnt tendency of the electric fiiiid to an 
equilibrium of distribution, n body which contains an 
excess, endeavours to throw off, or commuuicote, u portion 
of its excess to a neighbouring body which contahis less, 
and thus produce an equalization. This is the cause of 
induction, upon the FrsQklinic theory. Attraction is con- 
sidered, as in the previous theory, to be the immediate 
consequence of induction ; bodies in opposite states in- 
ducing a flow of the electric fluid (this term is employed 
merely because it is a familiar one) from one to the other, 
and consequently manifeBtiog an attractive power. Be- 
pulaum is supposed to be the result of the action of two 
or more bodies overcharged and partiug with their elec- 
tricity : but this view is not very satisfactory. 

Dr. Faraday, whose esperimental researches in electricity 
far exceed ia number and completeness those of any other 
msn, ia ratlier disposed to regard this agency as " a mere 
power of matter, like what we conceive of the attraction 
of gravitation." It is not easy to make this view clearly 
intelligible to such minds as have not been accustomed 
lo metaphysical studies ; it is hoped, however, that the 
following statement will be sufficiently comprehensive. 
Every atom of matter is regarded as existing by virtue 
of certain, properties or powers, these being merely 
peculiar affections, which may be regarded as being of a 
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^^H aimilar nature to yibralions. It is assumed that the 
^^H ^eotric state is but a mode or form, of one of these affeo- 
^^H tt9ns. One particle of matter, having received this form of 
^^H disturbance, communicates it to ^cordiguous pariiclei, — 
^^H that is, those which are next to it, although not in contact, 
^^B — ond this communication of force takes place more or 
^^1 less readily, the communicating particles assuming a 
^^1 polarized state, — which may be explained as a state pre- 
^^H seating two dissimihir extremities. When the communi- 
^^H cation is slow, the polarized state is highest, and the body 
^^r is said to be an insulator .- imulation being the result. If 
the particles communicate their condition readily, they are 
termed eoadutlors : conduction is the result. The phe- 
nomena of mduclioN, or the production of like effects in 
contiguous bodies, is therefore, according to this raw, 
but something analogous to the communication of tremon 
or vibrations. 

Either of the preceding hypotheses — of two electiioi-i 
ties, or of one, — may be adopted in connection, with tbe 
views of this philosopher ; it will, however, be evident to 
all, that I am not disposed to entertain this view, but 
rather to consider, with Franklin, that electricity has a 
positive entity ; that it is a subtile body condensed on the 
surfaces and through the pores of oil bodies in virtue of 
some of the forces of matter which have been abready 
considered. 

Leaving these considerations with this brief notice, it 
will be interesting to convey som^ idea of the quantity of 
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electricity in nature, We owe the knowledge of the 
enormoua amount of this agent in producing the physical 
conditions of matter as it now exists, to Dr. Faraday. 
This able investigator of nature has shown that the ab- 
solute quantity of electric power belonging to difl'erent 
bodies, may he determined hy ascertaining the amount 
necessary to break up their chemical affinity ; the law 
being most satisfactorily established, that the electricity 
vhieh decomposes, and thai tehich ia evolved hy the decom- 
pOKilum of, a certain gnantily of motler, are alike. — 

" One grain of water, acidulated to facilitate conduction, 
will require an electric current to be continued for three 
minutes and three quarters of time, to effeet its decompo- 
eltiou, which cunent must be powerful enough to retain 
a ptatina wire of y^ of an inch in thickness (its length 
being a matter of indifference) red hot in the air during 
the whole time, and, if interrupted anywhere by charcoal 
points, will produce a very brilliant and constnut star 
of light, It will not be too much to say that this 
Bccessary quantity of electricity is equal to a very power- 
ful Bash of lightning. Yet we have it under perfect com- 
mand ; can evolve, dii'cct, and employ it at pleasure, and 
when it has performed its full work of electrolyzotion, it 
has only separated the elements of a single graia of 
water." 

To give a more complete idea of this quantity, — Dr. 
Faraday continues, — a certain electro-chcmieal arrange- 
much electricity in little more than 
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I three seconds of time, as a Ijejden battery, charged by 

I thirty turns of B rery large and powerful plate electric 

r machine in full action. Tbis quantity, though sufficient, 

I if pas!jed at once through the bead of a rat or a cat, to 

have killed it as by a llaab of lightning, was evolved bj 

I the mutual action of so small a portion of the zinc wire 

and water in contact with it, that the loss of w^ht 

sustained by either would be inappreciable by our most 

delicate instruments. It would appear that 800,000 such 

I etharges of the Leyden battery as I have referred to above, 

' would be necessary to supply electricity sufiicient to de- 

\ compose a single grain of water." 

From these remarkable evidences, the result of most 

accurate experiments, it is rendered certain that the 

, absolute quantity of electricity existing in all the varions 

forms of gaseous, liquid, and solid matter, must be so 

t immense, as to be beyond the comprehension of our 

f limited intelligences. 

Before proceeding with any closer examination of the 

laws which regulate electrical phenomena, it is important 

I that we should become acquainted with the various instm- 

1 employed in such researches, and estahiish the 

r which it is desired should be attached to the 

I terms employed. 

Numerous contrivances have been, from time to time, in- 
[ troduced, for exhibiting theattractive and repulsive agencyof 
I electricity, and readdy obtaining indications of its presence. 
I Instruments of this description are called eleeiroacopet. 
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One of the moat simple consists 


of a slight metalilc 


needle (Fis. 137). terminat- 




ing at each extremity in a 


T " 


liglit pith ball, covered with 


jl^ 


gold leaf: this needle, haying 


casF 


a cap at il3 centre, is fixed 


Fig. 137. 


npon a fine steel point, 80 that it m 


oves with great free- 


dom. Any excited body presented to either of these bnllB | 


will attract or repel the needle. 


Sometimes a pair 1 


of pith balls are suspended from a 


brass ball, fixed to a 1 


glass handle, by very fine threnils. 




Cavalio contriyed an electroscope of 


A It 




this Idud, which is exceedingly con- 


IB ij 




venient. Two fine silver wires, each 


Hi 11 




of them having a pith ball at one 


BU il 




end, ore fised to a bug varnished 


m 1 


1 


cork, which fits either way into a 


n u 


glass tube (Fig. 138). When the 


H ff 


instniment is not required for use. 


w * 


the wire and pith balls arc placed in 




the tube, as seen st a, and from its 




portability io this condition, it can 




be carried in the pocket. When it 




ia employed as an electroscope, the 


Fig. i3b- 


wires are taken out, and the cork reversed, as at b. ia | 


this condition the tube serves as Q gla 


ss handle, and upon 1 


bringing any electrified body near the 


balls, their sudden 1 


divergence wdl indicate the degi'cc of excitation. 1 
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Leaf gold and silver, and the beaten brass, known as 
! Dutch metal, are very commonly employed to indicate very 
\ small quantities of electricity. All the metal-leaf electro- 
are constructed in a very airaple method : — the singk 
leaf, or the two pieces of leaf, being suspended in a glass 
vessel to protect it from eurrenta of air, ore connected 
with a brass cap or ball, which is adopted for cominunicat- 
ing the electrical influence of any body under examination. 
To understand the effects, take a few pieces of gold or 
silver leaf, and attach them to pieces of glass rod, or even 
rolls of dry paper, these being intended to serve 8> 
handles merely, Eub a piece of seahng-was, or glass, or 
brirastone with a woollen cloth, and presenting the ei- 
I cited body to one of the gold-leaf electroscopes thus pre- 
pared, it will be either attracted or repelled, — ^it has 
itself partaken of the peculiar electric condition. Bring a 
' second piece of gold-leaf into the same state, approach tw* 
I pieces towards each other, and, being similarly electrified,, 
they wdl repel each- other. If, on the contrary, one gold- 
j excited by a resinous body, and the other hf tt 
vitreous substance, it will be found, on bringing them* 
together, that they attract each other. 

It will he seen, after a few experiments of this class, 

I how very readily delicate electroscopes may be made. For ' 

example, a glass cylinder is obtained, it is fitted into a 

I bottom of dried and varaished wood; two pieces of 

dd-leaf, about three or four inches long and one inch 

[ wide (^, Fig. 1 39), are fixed to a projecting piece of braaa 
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Fig- 139. 



connected with a disc of the same metal, wMch will foim 
the top of the cylinder », aad which is cemented to the 
glass. When any excited substance 
is brought ia coutact with the brass 
cap, this metal, being a good conduc- 
tor, carries the electricity to the gold 
leaves, g, and they are repelled. 
anneKcd figure, to which we have been 
referring, is usually called Bennet's 
gold-leaf electrometer, and it only 
differs from the above descriptio 
having two sUps of tin-foil, s and t, pasted to the inside 
of the cylinder. The object of this is to carry off firom 
the gold leaves the accumiilated electricity, whea the 
divergence is sufficiently great to drive them against the 
aides : these slips of tin-foil are connected with the bottom 
of the instrument, and serve to convey the jilectricity 
to the earth. AU instruments of this class indicate 
merely the presence of an electrically excited %_ 
body; they do not measure the quantity, either 
rrfatively or absolutely, of the electricity in 
action. 

The moat simple form of electrometer is 
shown in Fig. 140 : j is a semicircle of var- 
nished paper or ivoiy, which should be gradu- 
ated, £xed upon a firm vertical rod, s 
light reed, or stip of baked and varnished wood, ■5 



■ Pig UO 
uspended 



by a pin from the centre of the semicircle, and termmating 
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in a pith ball. The munber of d^rees through whicii 
the ball is attracted or repelled by any body bronght near 
to it, iadicotes iipproximately the active quantity of elec- 
tricity. No veiy accurate result can be obtoined with even 
this electrometer ; therefore, in refiDcd researches, instm- 
meats of greater delicacy, and of more ingenious ooa- 
atruction, must be used. The electrometer usually em- 
ployed for measuring with great accuracy small quantities 
of electricity, is that of Coulomb, which has been called by 
its iaventor the ioreum balance. Since an insti-uioent of this 
description would only be found in the bands of yery 
advanced students, a mere general account of its prindpk 
will be sufficient in this treatise. If a silver wire a 
slightly twisted, a certaia force is eserted to overcoiw 
this, and return the wire to its original condition ; 
and Coulomb proved that the tendency of a twisted 
wire to return to its previous position ia exactly pro- | 
portionate to its angle of iorsion, or twist. By an in- 
geiuous though simple contrivance, a gilded pith ball m 
a stick of shell-iac, which is biuig, balanced, by a 
wire, is electrified by induction, and by the repellent ft 
the wire is twisted. Now, the force of torsion 1 
known, and the angle of divergence bdng marked by a 
carefully graduated circle, it will not be difficult to see I 
that the two forces — the mechanical and the electrical,— 
balanced against each other, may be made a very delioai 
measiuer of the relative quantities or force of the e 
electricity. 
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The hydrostatic electrometer of Sir William S, Harris 
is a ¥ery beautiful inatromentj but from the advanced 
knowledge necessary before it could be usefully employed, 
any description of it is omitted. Those, bowever, who 
desire to make themselves acquainted with it wjli find it 
mo3t fully described in the Philosophical Transactions 
for 1839. 

Such bodies as acquire electricity by friction, are usually 
called, to distinguish them, idio-eleetria, while those 
which do not possess this property are termed aneleclricn. 
Faraday employs the terms eUctric and dielectric ; — the 
first siguilying all those bodies which, not being con- 
dactors of electricity, allow it to accumulate upon their 
surfaces, and to be thus rendered evident by certain 
results; the second to express that substance through or 
across which the electric forces are acting. Conductors, 
or those substances which admit of the free passage of this 
principle, cannot be iodily cliarged. 

Electeios are of the following character ; — Amber, 
sulphur, bitumens, and all the resins; wax and gums, 
particularly camphor ; caoutchouc and gutta percha ; glass, 
all vitrified bodies, and porcelain ; the diamond, agate, 
tourmaHne, and most sUiceous gems and stones ; silk, dried 
animal furs and skins, hair, wool, feathers, and paper; 
turpentine, ods, and fat acids ; all dry gases, liighly elastic 
lUam, and ice at the zero of Fahrenheit. 
Electric condiictobs, or anekclrics, are metals of 
S^d^USeriug only in degreej ch^rod^g^doml 
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concentrated and diluted acids, and water; vegetable 
matter, both living and dead, if moist, and living ammat 
matter ; flame, amoke, and ordinary steam, 
bodies arc non-conductors, or insulators -. a sabstance 
placed upon them, not being able to part witb its electricitj' 
as readily as it receives it, becomes charged. The 
immialing substances are glass, shell-lac, gutta percha. 

The experimental researches of Faraday prove, however, 
that there are no perfectly insulating bodies, or any whiclt' 
perfectly conduct. Insulation and conducting power aj 
only differences in degree ; — metala and acids, and tl 
moist soil of the earth, standing at the head of the list < 
electricul conductors ; the substances constituting tl 
rocky crust of our planet, occupying the intermediatft 
position ; and brimstone, resiu, glass, und gutta perchs 
being at the bottom of the list. 

For the purpose of aiding inquiry into the won< 
properties of this peculiar agent, it became necessary 
devise means by which large quantities of electricity 
be evolved and collected. The first idea of an electrical 
machine is due to the philosophical inventor of the Mag*i 
deburg hemispheres, the Burgomaster Otto von Guericke; 
who mounted a globe of sulphur upon an asJe, and 
it to revolve and rub against the hand, he Ihns obtained 
a very considerable amount of electrical excitation^ 
Numerous varieties of machines have been constructed 
but as those in which glass is the electric, are now 
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the only kind employed, our deacription rnuat be confined 
to this variety. 

The glas3 cyJinder machine (Fig. 141) ia of very simple 
construction. A hollow glass, with open ends, for the con- 
venience of fixing it firmly on its axis, is mounted on 
glass pillars (to ensure insulation), in such a manner that it 
can be rapidly turned by the handle connected witli its 
axis. A rubber of 
oiled silk, being a 
cushion stufied with 
wool or liair, ia at- 
tached to a bar fixed 
horizontally to a ver- 
tical glass pillar ; to 
this cushion is fast- 
ened a flap of silk, 
sufSciently large to t 
by means of a screw this cushi 
formly against the 
where the silk flap terminates, ia fixed another horizontal 
bar, of brass, carrying a series of points, which, beiog 
opposite the glass, receive and collect the electricity 
produced by the friction of the silk upon the glass. This 
brass bar ia usually a hollow cylinder of that metal, and a 
Ui^ brass ball ia screwed on it : — this is the prime con- 
ductor. A similar bar is employed to collect the negative 
electricity from the insulated rubber, when this is desired. 
l,76fi a dicular disc of shell-lec was employed by 




Fig, Ul. 
half of the glass cylinder r 
ide to press uni' 
On the opposite aide, directly 
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Van Morum, which gave rise to the use of glass platei. 
In 1785 Van Marum, aasisted by Mr, Cuthbertson, i 
atriicted a machine, which had two glass plates, each of 
them 65 inchea in diameter. This electrical machine vi 
set ill motion by four men ; and it is staled that the spail 
from it would melt a leaf of gold, — that a thread was 
attracted at the distance of 38 feet, — and a pointed h 
exhibited a. luminous star at the distanco of nearly 30 
feet from the prime conductor. Since that time thiB form 
of the machine has been generally employed, as being in 
all respects the most convenient. This electrical machine 
[ will be readily understood by a brief description of the 
I annexed figure. A circukr glass plate is mounted upon 
H metallic ask, and sup- 
ported apon pillars, fixed 
to a secm'c base, so that 
the plate can, by means 
of a handle, be turned 
with ease. Upon the sup- 
ports of the glass, and 
fixed ao as to press easily 
but uniformly on the pi 
four rubbers ; 
Kg. 1*2- flaps of silk, oiled on 

i side, are attached to these, and secured to fixed supports by 
I several silk cords. When the machine is put in motion, 
, these flaps of silk are drawn tightly against the ^aas, 
\ and thaa the friction is increased, and the electricity 
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excited conveyed to the prime conductor. The prime 
conductor consists of a curved arm of hollow braaa, or 
two straight brass cylinders, comiected by another cylin- 
der. There is more difiiculty in obtaining negative 
electricity from the plate mnchine than from the cylindrical 
one, because of the rubbers being uuiDsuluted. 

Experiment baa proved that an amalgam of quicksilver, 
tin, and zinc, mixed with a little lard, and placed on the 
rubbers of any form of glass electrical machine, increases 
considerably the quantity of electricity evolved. This 
would appear to be due to some chemical action, or pro- 
bably it may be that it merely effects a more perfect con- 
tact between the surfaces. The proportions which answer 
best, are eight parts of mercury, sis parts of zinc, and 
four of tin. The zinc and tin are melted together in an 
iron vessel, and being poured into a box, the mercury is 1« 
be added, the cover put on, and all shalten together, until 
the amalgam is cool. After this it is triturated ia a 
Wedgewood mortar, and a suiiicient quantity of grease 
added to give a stiff coherency to the granulated mass. 

The evolution of electricity from the glass, and its 
development upon the prime conductor, is a phenomenon 
of induction. The attrition between the rubbers and the 
^asa produces a molecular disturbance, and theuce arises 
aa electrical disturbance, which by induction ia commu- 
stoated to the metal of the conductor, which, from its 
aatuie, forms a free channel, through which it is con- 
vged to any other body, or discharged into the air. If 
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e rubber ia insulated, after a slight eicitement no more 

Ectricity can be obtained ; — it would appear as if the 

■Bource was exhausted ; but if any connection is made with 

Ithe earth, the electrical manifestations can be auatained 

I for any period. 

One theoretical explanation given is, that the com- 

I pound electricity in tbc rubber is decomposed, that its 

positive electricity adheres to the glass, while the glass, 

from the attractive power of the two electricities, robs the 

prime conductor of its negative electricity, leaving &ee 

positive electricity in active excitement oa the metal of its 

I Burfflce, This explanation appears, however, to be open 

I to very serious objections. It appears to the author that 

la lai^e amount of confusion bas been created by the 

I different meanings which have been given to poiitioe and 

lli*pa/ipe electricity, and it is necessary that some well- 

Fdefined idea should be attached to these terms. In the 

■'difficulty by which the entire question is surrounded, the 

I most consistent course is to adopt that theory which 

I aiplnina in the simplest form the largest number of facts, 

I and beyond all question the Franklinic theory meets those 

I conditions. One electric agent — and one only — is diffused 

f through aU nature, the quantity varying with the physical 

condition of the body ; this subtile principle, being excited, 

has a tendency to diffuse itself to other bodies contiguous to 

\ the excited or electrified body. The electricity flowing 

I out of any substance — if it be allowable to speak of a 

^ diaturbauce as Sowing — is in the positive state ; a body 
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receiving, owing to its having lost its natiiral volume of 
electricity, this principle from a. contiguous body, in the 
effort which is ever made to equalize the distribution, 
eihibits negative tlcctricity, or elcctrieily flowing in. 

A substance ^^^^H 
parting with elec- 
tricity exhibits the 
positive flash or 
spark; a substance 
absorbing electri- 
city manifests to 
our senses the ne- 
gative brush or 
glow. In the an- 
nexed wood -cuts 
(Figs. 143 & 144) 
are represented the more striking peciiliarities of the Jkah, 
the *par/r, the irtuU, and the ^fow. 

Volta devised a very simple machine, which is known 
by the name of the eleclrop/iortia, or bearer oft' of elec- 
trici^. It is easily couatnicted. Melt some shell-lac, aud 
pour it into a piate : when cold we obtain a circular 
disc of thia resin. This is placed upon a metal disc of 
lie same sine, and by a rim secured to it, — this is termed 
the sole ; another metal disc, called the cover, is obtained, 
aad into this is Uttcd a glass handle. To use this machine, 
the cover is removed by its insulating handle, and the 
legjjious plate is excited by rubbing it with dry silk or 
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hare-skin, after which the cover is replaced. This con- 

ducttng body is now in precisely the same condition as 
the prime conductor of a cylindrical electrical madune; 
it is chained, and ready to part with its electricity to any 
body brought near it. 

Another form of machine is the hydro-electric machine, 
which ia of recent dote, although the phenomena on which 
its construction depended have been loDg observed by 
working engineers. When they have been blowing off 
steam at night, and the air baa been in a very dry state, 
it has not been at all uncommon for the men, adopting 
their own eipreaaion, to " see the steam on fire." 

.Attention was, however, particularly directed to the 
circumstance in 134l>, by a workman on one of the 
[ northern railways observing an electric apark whenever he 
I brought his hand towards the boiler of a locomotiva 
t engine, which had been accidentally insulated. Mr. Ann- 
strong, a scientific engineer, proceeded to investigate the 
circumstance, and with an insulated brass rod, having a 
metallic plate at one end and a ball at the other, he suc- 
I ceeded in obtaining seventy spurks per minute, the plate 
. being placed in the issuing ateam, and the ball brought 
* the boiler. Following up the investigation, Mr. 
Armstrong succeeded in constructing hydro-electric ma- 
chines, capable of exhibitbg veiy striking phenomena. 

By iuaulating a small steam-boiler on glass legs, and 
by cutting off metallic connection with the chimney, we 
obtain the primary condition required, and under these 
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circumstances electricity may be detected when ateam is 
issaing from the safety- vol vea. 

Faraday baa shown that the issue of aleam alone is not 
anffident to evolve eiectricity ; tbe presence of water is 
necessary, and when perfectly dry steam is made to escape, 
there is no electrical manifeatation. The moment, how- 
ever, the steam begins to condense, a powerful evolution 
of electricity takes place. From a very complete set of 
researches by Armstrong, Faraday, and Schafhacutl, it was 
proved that, to produce great effects, the steam charged 
with water must be made to rub against some non-con- 
ducting substance. Hence the steam from the boUcr 
escapes into a chest, from which proceed several tubes, 
shaped as inFig. U5, the mouths of the jeta heiug formed 
of hard wood. The whole 
effect depends upon the 
friction of pure water upon 
the wooden mouth -piece, , 
the watery particles per- Tig. 145. 

fcBTOing the office of the glass plate, the jets the part of 
the rubber, 

Faraday fonnd that the common water, such as is 
supplied to London, gave no electricity. From distiUed 
water it was abundantly evolved ; but upon adding a small 
crystal of sulphate of soda, of common salt, of nitre, or 
the smallest drop of sulphuric acid to the water, the 
appaiatus was utterly ineffective, and no electricity could 
iduced. This effect is due to the circumstance that 
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[ the salts and acid reader the water a good conductor, so 
that the electricity produced is immediately carried off. 

The effects of different substances employed at the 
point of cfflax, and also combined with the water, were 
carefully studied by Dr. Faraday, and also those produced 
by the friction of compressed air. Dry air was found 
incapable of exciting electricity, but wsUt air occasioned 
it to be evolved as with steam and water. The result 
of this inductive analysis of the question was the full 
detenmnation of the fact, that in the hydro-electric 
machine the electricity is the consequence of the violent 
attrition of watery particles against a non-conductiog' 
substance. 

The other sources of electricity will find a place in our 
consideration of the electricity of contact, or chemical 
electricity, and of the phenomena of magnetism. 

One of the moat striking effects of electricity is the 
development of light, of a peculiarly beautiful character, 
whenever it has to pass from one good conductor to 
I another through a resisting medium. Fig. 146 repre- 
very pleasing arrangement for exhibiting the 
phenomena of this form 
of electric light. Upon 
a plate of glass are 
placed, at a short dis- 
tance from each other, 
any number of circular or angular pieces of tin-foil. 
I "When the metal at either end is connected with the prime 



ELECTRICITY. 331 

coudactor of an electrilymg macbme, the sparks pass 
tmm one piece of tiu-foil to the other, forming a stream 
of beautiful light. Aoy device may be adopted, according 
to the fancy of the constructor. 

It is desirable in many experiments to obtain an accu- 
mulatiou of electrical power, and about tlie middle of the 
last century some philosophers of Leyden devised the 
means of doing this. They enclosed a condnctor, water, 
in a non-conductor, glass, — and communicated the elec- 
tricity to the liquid, by oarrjing a nai! into it, which was 
connected with the prime conductor of the machine, An 
arrangement of this kind having beea made, an experi- 
menter, when endeavouring to remove the nail from the 
bottle, receivfd a severe elegtric shock. All the early 
statemeuts of the electric shock are greatly exaggerated, 
but the effects were of a sufficiently striking character 
to attract the attention of all the electricians of Europe. 
Muaohenbroek of Leyden is usually regarded as the 
inventor of the Leyden jar, but he does not appear to 
have been the first who discovered the effect of thus com- 
bining a good and bad conductor, and be certainly did not 
perfect the instrument. Sir WiUiam Watson, Smeflton, 
and Canton divide the merit of perfecting the Leyden 
jar, which is one of the most important arrangements to 
he found in the range of electrical adence. 

The Leyden phial, or electrical jar (Fig. 147), consists 
of a bottle, having a wide mouth, coated within and 
) the line a b, with tin-foil ; & metallic wire, 
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with a knob at one end, ia passed through b cover, snj 
connected with the interior metal, either by a chain, ot 
by being cemented directly to it. The 
Pranklinic plate ia well adapted to ex- 
plain the phenomeiiH of the Leyden jar, 
and for the esamination of the queation 
of the combined or single electrical theory. 
It consists of a glass plate, about one 
foot square, the middle of the glass on 
cither side being covered with tin-foil, 
leaving about three or four inches of free 
To ensure perfect insulation, the glass ia var- 
liahed over all its uncovered parts. This plate differs 
;om the jar in scarcely any particular, and by a piece 
the passage of the excitement from the metal 
one side to that on the other is fauuliarly shown. 
The knob of the rod of the jar being brought into crai- 
I tact with an escited electrical machine, the interior metal is 
-it has electricity in excess ; — owing to the im- 
perfect conducting power of glass, none can pass over to the 
metal on the outside, and that ia consequently, in relation 
to the interior, in a miuus state ; hence the use of the temu 
^2R«and mi»ti» by one school of electricians. If, now, any 
immunication is made between the interior coating 
'■and the exterior coating through a good conductor, aa a 
metal wire, a rush immediately takes place to restore the 
equilibrium — a discharge ensues. If an individual hold- 
ing a wire in each hand, touches with one piece the knob 
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of the jar, and with the other the exterior coating, the 
eqoilibriiim is established, by the surplus charge passing 
through his body, and he receives a violent shock — the 
man has been electrified. By accumidating a great 
many of these Jars together, and properly connecting 
them, almost aay amonnt of electrical power can be 
obtained, and the residt of the discharge would be most 
destructive. We may, by such arrangements, produce 
the effects which we see manifested b a thunder-storm ; 
the flash of the hghtning and the eraelc of the thunder 
(of course without its prolonged roar) are to be faithfully 
represented, with that difference in degree which is well 
expressed in the words of the Abbe Nollet, who says, 
" Ihunder and lightning being in the hands of Nature 
what electricity is in ours." 

If gold and silver wires are placed on paper, so that 
the discharge of a powerful battery is passed through 
tbem, they are deflagrated, and their oxides remain upon 
its surface ; — many other metala may be employed. In 
these experiments it is' necessary 
to use an electrical disc 
which consists of a brass v 
with a knob at each end, bent a 
in Fig. 148, fitted into a gkss 
handle. For passing i 

thjjfugh bodies which we desire ^'B- 1^8. 

to decompose or deflagrate, an ingenious apparatus, 
1 tlie universal discharger, is employed. It consists 
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a wires, fixed witli a. cradle or ball and socket 
joint (Fig. 149) on the top 
. supports ; theae 
3 moveable in any 
direction. In a hollow 
wooden support moves a 
table, between them, in 
Fig. Ua, which is placed a piece of 

ivory, for the purpose of hohliug any substance which is 
to be submitted to tbe action of the battery dischai^. 
The wires are brought in contact with tbe escited Leydai 
jar, or series of jars, and the whole force is passed from ■ 
one point across tbe table to the other. 

It must always he remeinbered that in all electrical' 
phenomena, the eatabUsbment of a circuit, through which 
the eqniUbrium of forces can be effected, is req^uired : this 
may be accoraphshed through either good conductors or 
imperfect ones ; but in every instance it will be discovered, 
upon close examination, that as electricity has been evolved 
at one point, it is returned at another. 

Having described the various machines by which' 
electricity may be produced in very large quantities, we 
must now consider the other sources from which thid< 
principle may be evolved, or the means by which it may' 
be manifested. 

In most of the following experiments the gold'^eaf 
electrometer is necessary, and the best form of it for those 
investigations is that represented in Fig. 150. Melt 
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Fig. 150. 



some sulphur and pour it into a dry wine-glas 
glass rod in tlie mass wliile fluid ; 
when cold, remove it by the j 
handle, and place it oe the table of 
the electroscope ; tbe leaves, by their 
divergence, will show the excitement 
of the sulphur. Warm a piece of tour- 
maline, and place it on the top of the 
electroscope to cool ; it will, in cooling, 
give evidence of strong electrical action. 
If we place some gun-cotton ou the 
top of the electroscope, and then gently 
pull its fibres apart, the gold leaves will diverge. If the 
gun-cotton dissolved in ether — collodion — is allowed to 
evaporate, a very fine skin forms, which is an extraordinary 
electric, the smallest amount of friction giving rise to 
intense excitement. 

By chemical action we may exhibit similar phenomena. 
Place a bottle on tbe top of the electroscope, and, having 
pnt some iron filings into it, pour thereon some dilute 
sulphuric acid: during the chemical action much electrical 
excitation will be evident. White and black ribbon, being 
pressed together with a small amount of friction, as by 
drawing them between the finger and thumb, adhere ; 
bat in this state they exhibit no other electrioul change ; 
separate th'em by pulling the pieces asunder, and on 
approaching the gold-leaf instrument, the leaves will 
immediately diverge. Laminte of mica and some other 
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minerals exhibit much electrical excitement wLen suddenly 
reDded. 

Mere eoutact of dissimilar bodies will produce elec- 
trical disturbance. If the metallic condenser, whicli ii 
fixed on the top o! the electroscope, is of brass, and b 
plate of zinc is pressed closely upon it, we shall perceive, 
on removing the zinc, a divergence of the gold leaves. 
If we place in a glass tube a aeries of discs of giivend 
paper and zinc in this order— S.P.Z., S.P.Z., S.P.Z., 
S.P.Z., — so that we have silver at one end of a long M 
say a thousand, and zinc at the other, we have, by the mere 
association of these groups in consecutive order, produced 
an electric column, or the dry pile of Zamboni, which wiB 
eithihit oil the phenomena of positive aud negative eleo>> 
tricity. It may, indeed, be safely affirmed, that every change 
or disturbance, whether produced by heat, by mechanical 
force, by chemical action, or any other means through 
which the molecular arrangement of any surface is, in the 
slightest degree, physically altered, always gives r 
electricity. 

Electrical experiments are amongst the most etritdai 
which can be exhibited ; but in this volume it is intenda 
to deal with those alone which illustrate any striking facta 
The attruction and repulsion of light bodies has 1 
already named ; tiie philosophical instrument makers are, 
however, in the habit of preparing figures made of the \ 
pith of elder, which by the following arrangement may I 
be made to move, often in a very animated and grotesque J 
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maoaer. Hang from the brass ball of the prime con- 
ductor of an electrical macliine, a copper disc (Fig. 151), 
and about three iacbes helow it place 
another, somewhat larger. On exciting 
the machine, the upper plate is by induc- 
tion brought to a positive state, while the //fk, 
lower plate is in a negative condition. '""' 
Any light figures placed between these i 
discs are alternately attraeted and repelled, 
the equilibrium being restored through 
them. 

A curious and easy exaiuple of electrical 
repulsion, from bodies simihu'iyesciteci, may 
be obtained by tjiDS « fiu^dle of threads I'ig. 151. 
at both ends, and hanging them to tho prime conductor : 
on turning the machine they are all equally brought to 
the same condition, and, repelling each other, they spread 
out into a spheroid, retaining that form so long as the 
niachine is kept in action. 

Motions are produced by electricity. If a curved 
metal rod is ptuced on a point in connection with the 
prime conductor, so thnt it will turn freely, it will, when 
the machine is put in motion, begin to rotate, and, in the 
dark, brushes of light wUl be seen to flow from the points. 
In this little apparatus the effects are analogous to those 
already described in the flow of water from the water- 
wbecl of WTiitelaw (page 138j. If four pointed wires 
ft 2 
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are employed, tUey rotate, forming in the dark a riug o 
electric light. 

The force of an electric discharge is well shown hy the 
following method : — Take a phial, fill it with oUvc-oil, 
and pas3 through the cork a copper wire, bent near the 
bottom at right angles, 30 that its point presses against 
the glass on the inside. This phial, thus a: 
be hung to the prime conductor, and, on esdting the 
machine, the wire becomes positively electric, a high state 
of tension being induced. Present the knuckle opposite 
to the point of tbc wire, bright sparks will pass throagli 
the glass and perforate a hole. If discharges arc passed 
through a card, boles are pierced in a suniilar manner, and 
these holes haye a remarltable cbaracter — a burr, or ridge,. 
is formed on either side, showing that a disruption hat-' 
taken place equally in each direction. 

Electrical discharges are usually divided into the «»- 
dactivf, the disruptive, and the coneeciine discharges. The 
first is the ordinary example of excitement, diffusing or 
vibrating through good conductors ; the second i 
passage of electricity from good through bad or imperfect 
conductors, and comprehends aU tJie varieties of lurain 
discharge ; the third is that variety in which ponderable 
matter is set iu motion under the influence. It has beea 
shown by many experimentalists, that there is, in all c 
of disruptive diacha^, a transfer of material substances. 
If the ball of a prime conductor is gilded, and spark* are 
received from it on the back of a silver spoon 1 
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timej traces of tlie gold will be evident on the silver. 
Many similar residts are to be obtained with other bodies. 
The changes in the colour of the electric spark, when 
received from the surfacea of different bodies, appear also 
to show the transference of fine particles of solid matter. 
The electric light, in condensed air, is a very bright spark, 
and in an attenuated atmosphere it is faint and diffusive, 
like the light of the atnora horealis ; in carbonic acid gas 
tite light is white and intense ; it is red and faint in hydro- 
geo, yellow in steam, and green in ether or alcohol. The 
luminosity of electricity must not he regarded as evidence 
d light being a property of that principle ; the luminous 
phenomena arc due to the disturbance which excites that 
atill more subtile agent — Kghtj — bo that it affects the 
organs of sight. Oranges, apples, and eggs may be ren- 
dered luminous by electricity, and even balls of wood : 
each of them presenting different colours. 

It has already been stated that the heat evolved by an 
eledric discharge is sufficient to produce the oxidation 
of metallic wire. Spirits of wine may be set on tire, and 
gunpowder exploded by the spark. In performing expe- 
periments of this kind, it is necessary, however, to di- 
minish the disruptive force of the explosion. With 
gonpowder, unless some precaution is taken, the particles 
are throivn violently about ; but if we interpose in the 
drcuit a short tube of water, the resistance which tins 
liquid offers, subdues this disruptive tendency, and the 
gunpowder placed between the wires of the universal 
dischai^ec is instantly ignited, 
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The phosphorescent eflects of electricity are not the least 
curious (ihenomeua connected with this subtile agent. 
The researches of Father Becearia and Mr. Pearsall have 
shown that a great varietj of substances could be modo 
to phosphoresce for some time, by transmitting an electric 
discharge along their surfaces. Calcined oyster-shells 
exhibit a very brilliant phosphorescence; selenite shines 
with a bright green light ; calcareous spar and common 
chaik are also curiously affected. Borax and boracio 
add, succinic acid and acetate of potash, carbonate nnd 
sulphate of barytes, and, according to Mr. Skrimahire, 
nearly every native mineral (not metallic ores or metals), 
become luminous in the dark after an electrical explosion. 
If the thumb is placed on the ends of the wires of the 
universal discharger, and ihe charge of a Leyden jar sent 
through it, it will be rendered very curiously trans- 
parent. 

The rapidity of electric light is extreme : it has been 
experimentally shown by Wheatstone, that the duration 
of the light of a spark does not exceed the one-millionth 
part of a second. As the method by which this ex- 
periment was performed, when ^Vheatatone determined 
the velocity of electricity and the duration of its spark, 
is not generally understood, and being remarkable for 
its ingenuity, it is thought advisable to describe it.- 
Considerahle lengths (about half a mile was employed 
by Wheatstone) of copper wire are so arranged, that there 
are three small breaks in its continuity, — one near the- 
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outer coating of the Leyden jar, one near the connection 
with the inner coating, and another exactly in the middle 
of the wire ; — ao that three sparks are seen at every dls- 
chai^e, one at the break near the source of excitation, 
aaothei in the middle of its path, and the third close to 
the point of returning connection ; these were, by bending 
the wire, brought close together. Exactly opposite to this 
was placed a metallic speculum, fixed on an axis, and made 
to revolve parallel to the line of the three sparks. When 
s spark of light is viewed in a rapidly-revolving mirror, a 
long line is seen instead of a point. It will be obvious 
that three lines of light will be seen in the revolving 
minor every time a discharge takes place, and that if the 
first or the last differ in the smallest portion of time, these 
lines must begin at different points on the speculum. 

When the mirror revolved slowly, the position of the lines 
was uniform, thus ^•- ' - ; but when the velocity ivas 
increased, the lines of light appeared thus - ; 

those produced by the sparks at either end of the wire 
being constantly coincident, but the spark evolved at the 
break in the middle being shghtly behind the other two. 
From this, it appears that the disturbance commences 
simultaneously at either end of a circuit, and travels 
towards the middle. This has been adduced in proof 
of the two electricities. It is thus deteroiined that 
electricity moves through the wire at a rate beyond 
888,000 miles in a second. It will be evident to any 
jnsidering the subject, that the length of the line 
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seen in tie Bpeculum, depends on tie duratiou of the 
apark. When the mirror was made to revolve 800 times 
in a second, tlie imago of the spark at ten feet distance, 
appeared, to the eye of the observer, to make an nrc of 
about half a degree ; from whieh its duration is cal- 
culated. To prove approximately the duration of the 
eleetric spark, a very pretty experiment haa been devised, 
of the foUowing kind. — A disc, painted in equal sections 
with the prismatic colours, is fixed on a centre, and, being 
I connected with a multiplying wheel, it can be made to 
t rotate with uny known velocity. Such a rate is obtained 
t the colours are blended to produce a dull grey ; the 
I change of position being too rapid for either colour to 
t leave its impression on the retina ; the room is then 
darkened, and the light of a spark from u Leydea jar 
made to illuminate the rapidly-revolving coloured disc. 
I It will now appear to the eye as if the colours were all 
at rest, every section of colour being distinctly visible; 
' the interval of time occupied by the light of the spade 
being much less than that necessary for any one colour to 
move through a sensible space. 

A resinous plate, such as that prepared for the electa^ 
phorus, aflbrds us a very interesting method for extibitii^, 
e of the attractive and repellent phenomena of elec- 
tricity. If we take a charged Leyden jar, and draw any 
res upon the resinous plate with the metal knob of 
the jar, and then dust over it a mixture of sulphur and red 
lead, ye shall find, on throwing oif the sujierfluous powder. 
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that the sulphur will adhere along the lines traced by the 
poaitivelj charged knob. If we now draw other lines 
with the outside coating of tbe Leyden jar, and again 
dust the plate with the mixed powders, tbe minium, or 
red lead, will adhere to these lines, and the sulphur will 
be dispersed from them. This very interesting experiment 
of Leichtenberg's is merely a pleasing eiempbflcation of 
the law of attraction and repulsion, already given. The 
resin is a bad eonductor ; — the metal knob bas added 
dectricity in one case, — the exterior metallic coating of 
the jar has taken electricity in tbe other ; couse([uently, 
we have upon one surface the plus and minus conditions. 
The two bodies employed are also in different states, and 
they accumulate, according to tbeir positive or negative 
conditions, upon these lines, which are in opposite states. 

Atmospheric electricity has been the subject of inves- 
tigation with many of our most eminent philosophers. 
The terrific grandeur of the thunder-storm bas from the 
earliest periods of time attracted the attention, of the 
great observers of natm^ ; and wc have some curious 
statements in the writings of Pliny and Herodotusj of 
the phenomena, which they i&variably referred to super- 
natural agency. 

Franklin was the first electrician who attempted to 
solve the problem of the identity of lightning and eleo- 
Iricdty, and his daring experiment marks a point in the 
progress of the science of tbe utmost importance. In 1749 
Pnmklin proposed two methods, by which he imagined 
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electricity could be drawn from the clouda ; aad iu 1753, 
at his suggestion, Dolibord, residing near Paris, ptai^ 

I an insulated iron rod forty feet loug above liis house, aud 
obtained sparks from it, accompanied by the usual snap- 

, ping souad of electrical discharges. la the same year 
rranklin prepared a kite, with a pointed wire attached, 
the string, which tenninated with a common key, bemg 
insulated by n silk cord at the lower end. This kite, in 

I the month of June, was mounted, and after watching the 
passage of several clouds, Franklin perceived that the 
fibres of the hemp string were in a state of repulsion, and 
eventually, a shower of rain increasing the conducting 
power of the string, electric sparks were drawn from, the 

I extremity of the insulated key ; thus confirming, by dirert 
experiment, those speculations which had become to the 
American philosopher already positive truths. Eomas, in 
IVance, repeated Franklin's experiment : he raised a Jdtft 
5B0 feet in the air during the prevalence of thundw- 

I clouds ; he obtained flashes of electric fire tea feet iii< 
length, and reports like the discharge of guns. Profeesor 
Eichman, of St. Petersburg, erected an apparatus like 
that of Dahbard, and unfortunately, on one occasion, in 
August 1753, when experimenting, he waa struck dead 
by an electric discharge, described as a large globe of blue 

I fire, from the instrument of his own construction. 

Saussure, Sehubler, and others on the continent, Ca- 

I vallo, Crosse, and many more in England, have inveati- 

I gated the peculiarities of the electricity of the atmosphere ; 
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and the following are the mare important resuJts. Cavallo 
proved that the electridtj of the air is usually positive; 
and this has been confirmed by other observers. With the 
sunrise the electricity increases ; it diminishes towards 
noon, increases towards sunset, and decreases untd mid- 
night, when it again increases. It has lately been proved 
by Barlow and by Baumgartner, that electric currenta 
are constantly traversing those electro-telegraphic wires 
which have any connection with the soil, and that the 
direction of these disturbances is determined by the sun's 
path ; the main direetiou during the day being from the 
east towards the west, and the contrary during the night. 
Schubler, whose statements have been confirmed by Que- 
telet and Lonyet, disoovei-ed that the atmospheric elec- 
tricity increases from July to January, and then decreases, 
it being always more intense in the coldest weather. 
It is a remarkable fact, that the electrical intensity of the 
atmosphere during the prevalence of Asiatic cholera was 
much lower than Lad ever been before observed at the 
same season, Saussure found that electrical intensity was 
greatest in elevated situations, — that free electricity was 
nearly absent in narrow coiMs, alleys, and enclosed places, 
and that in crowded cities it was most intense in the 
squares and on the bridges. 

When fogs, rain, hail, sleet, and snow prevail, a curious 

OMiUation takes place in the atmospheric conditions. 

'Hiey generally come on with negative indications^ — ^the 

tddne eleotricity from the earth; the atnloephere 
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I Bhortly becomes positive, and often every few minntes 
I it changes from one to the other condition. Clouds 
I produce similar disturbances, evea though there is no 
I depoGit of moisture. 

! origin of atmospheric electricity has been a aub- 
I ject of discussion ; and it has been strenuously maintained, 
I that it is due to the evaporation of the waters of the 
ocean. If we consider that every form of matter holds, 
ooudeased within and around it, a natural measure of 
' electricity, — that every motion, every change of tempera- 
' hire, eveiy influence of hght, or of the chemical power of 
I the solar rays, disturbs this, — it is clear that every change 
I of atmospheric condition must involve a change of elec- 
I trical equihbrium. Every manifestation we obtain appears 
[ to be good evidence in support of this view. 

To ascertain the condition of the atmosphere in re- 
I lation to electricity, various means have been adopted. 
I If we fix a brass ball to the end of a fishing-rod, and 
I pass it through the air, and then bring it in contact with. 
I a good electrometer, we can very readily measure off 
I the electricity accumulated on the ball by the divergencB 
I of the index. Some experimenters attach arrows to au in- 
1 sulating string, and shoot from a bow. In all obser- 
vatories, pointed and insulated rods are raised to some 
considerable height. Mr. Ctosse, of Bromfield, has more 
a mile of insulated wire extended between pointed 
I conductors, raised a hundred feet high ; and Mr. Weeka, 
of Sand\vich, had a similar arrangement for his electrical 
I gatherers. 
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It will now be understood that a thunder-storm ia only 
an effort of nsture to effect a restoration of equilibrium. 
Clouds hare become cbarged in excess : they are positive 
to the eartb, in precisely the same manner aa one aide of 
a coated pane of glass is to the other ; the air being the in- 
terposed medium. Lightning is nothing more than the 
dianiptive discharge of many miles, perhaps, of electrified 
cloud. It may he that the discharge ia from one cloud to 
another, or from a cloud to the enrth. That thia is but 
an effort to restore an equilibrium, is often shown by the 
phenomenon called the relum Jlaak. It not imfrequently 
happens, when we view a thunder-storm under favour- 
able conditions for observation, that as the discbarge is 
made st one end of an accumulation of rlouds, a fioslx is 
aeen to pass from the earth to the cloud at the other ex- 
tremity : this phenomenon is illnatrated in the vignette 
to the present chapter. To thia cause ia to be attributed 
the fact that men and animals are sometimes killed at a 
distance from that spot over which the storm appears to 
pour its fury ; the restoration of equilibrium being effected 
through their bodies. 

Sometimes the hghtning is zigzag, or " forced -'' this ia 
due to the resistance of the air. At other times it appears 
to run along a line in waves, called chain lightning : 
i due to a line of moist air which affords an 
T path for the discharge. Sheet lightning is a dia- 
chai^ behind the dense cloud, ao that its path is hidden 

the lambent lightning which does not— 
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I amount to explosions, seen of a summer's evening, is aJso 
L termed sheet lighting. Globular lir/ktnini/, nhich is not 
very common, is of the character of glow-diacliarge, and 
it may be regarded ns similar to tlie process of ctnptjing 
& Leydcn jar of its clmrge hy a pointed rod. These 
globes of electricity are, however, in nature, generally 
r followed by a btirst of thunder and lightning. 
I The noise of thunder arises from the expansion and sub- 
sequent collapse of immense masses of air, the noise being 
continued by reverberation among the masses of dense 
I cloud which usually occupy the atmosphere at snch timssi 
The Fire» of SI. Elmo,—t]ie phenomena called Castor 
and Pollux by the ancients, — the feu de SI. Hlme of the 
I French, — the Elmsfeuer of the Germans,— knoivn also by 
the name of Helen's light, Corpo Sanio, and Comaianls, — 
I have the appearance of brushes or balls of lire on the 
I masts of ships, and are of the character of discharge by 
I pointed bodies : many meteoric effects are of this kind. 
F It is commonly remarked, that after a severe thunder- 
[ storm the atmosphere has a pecuhar smell, and when a 
building has been struck by lightning it is often described 
es giving an odour resembling that of sulphur or phospho- 
rus. The same smell may be detected when an electri^-i 
\ ing machine has been for some time excited in an apart* 
I ment. This appeors to arise from the formation, by some- 
I peculiar process, with which we are unacquainted, of a new 
I combinBtion of oxygen with the water of the atmosphere, 
I or, more strictly speaking, the formation of a peroxide of 
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hydrogen. This compound, which has for many years 
interested Professor SchQnbein, and has been teimed by 
him Ozone, from ila smell, possesses many peculiar pro- 
perties. It appears to attack most energetically all 
metallic bodies, even those stated to be the least oiidizahle, 
and to change the character almost immediately of aU 
organic compounds. It is found to exist in the atmo- 
sphere at all timea, but the proportion in which it is de- 
tected varies with every alteration in the electrical charac- 
ter of air, it being in excess when the electrical intensity 
is greatest, and falling to a minimum when this reaches its 
lowest point. The presence of ozone may be detected in 
the following manner :— Mix a little iodide of potassium 
with a solution of white starch ; smear some slips of 
writing-paper ivith this, and place them in a current of 
air, — as in an open window. In a short time, if ozone is 
present, the puper will become coloured, this coloration 
arising from the decomposition of the iodide of starch, 
which is of a purple hue. 

When an electric discharge from a thunder-cloud has 
passed through a house, it bas not unfrequentlj been ob- 
served that knives and other steel utensils have become 
magnetic We ma\ proie, by very easy experiments, the 
power of machine electncitj to induce magnetism. If we 
place a sewing needle upon a piece of copper plate on the 
table of the universal discharger, and then send fbe charge 
feom a Lejden jar across it, it will become strongly mag- 
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The physiological effects of machine electricity are well 
known. The shock ariaes from the disturbance of the 
statieal electricity of our bodies. The discharge from a 
batteiy of Leyden jars is sufficient to kill lai^ animals, 
particularly if sent thTough the skull. 

Faraday has shown that chemical changes can be ef- 
jected by a succession of discharges from an electric jai. 
Sulphate of copper, sulphate of indigo, and iodide a 
potassium, among other salts. Lave been decomposed by 
the continued passage of charges through their solutions. 
Water has been decomposed in small quantities by the 
apark ; and it is well known that nitric acid is formed 
when atmospheric air is enclosed in any yessel through 
which sparks from a machine can be leadily^ passed. 

The examination of phenomena which connect them- 
aelvea with animal electricity, is referred to the next sec- 
tion, which will embrace the laws and operations of che- 
mical electricity, to which the electricity of vital action 
appears peculiarly to belong. 

A. knowledge of the laws which electricity obeys, has 
enabled man to protect himself from its destructive in- 
fluences. Lightning conductors have arisen from the fine 
experiment of Franklin, who first showed that an electric 
clond could he discharged by means of pointed rods, and 
its contents conveyed hanolessly into the earth. A pre- 
judice prevailed for a long period against the nse of the 
lightning conductors, — the paralonaares of the French, — 
it being supposed that they attracted the lightning. This 
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idea still preyails in many minds, atid they aee reason for it 
in the fact that the highest hodics, as trees, church steeples, 
and tall chimneys, are usually the ohjeets of destruction, 
— their inference heing that tliey have attracted the 
lightning. The truth is, a cloud charged to aaturatioa with 
the electric fluid, floats over the earth, until it eventually 
comes within discharging distance, and it matters not 
what the object is that presents itself, it forms tiie channel 
through which the discharge is made. If it ig a bad con- 
ductor, as a tree, the mast of a ship, or a piece of masonry, 
the whole is rent or shaken, in the struggle between the 
exciting fluid and the resisting medium ; if, on the con- 
trary, a good conductor is presented to it, the current flows 
doffa it aa tranquilly aud hanolesal^r aa water through a 
pipe. There ia no attcaction, but the lightning takes the 
rood of least resistance. 

Sir "William Snow Harris, who has devoted much atten- 
tion to this subject, gives the following directions for the 
construction aud adaptation of lightning conductors. — 
One of the best conducting metals must be selected, cop- 
per having many advantages over other metals. Ohm gives 
the following table of thar conducting powers : — 
Copper 100 
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The capacity of the metal used should be auch as to mnj 
off any amoTint of the electric fluid which it is at all pro- 
bable may be passed through it. It has beea found that a 
copper rod three-qiiari:ers of an inch in diameter is capable 
of resisting the heating effect of any discharge of lightning 
which has been recorded. Tbe conductor should consist 
of several branches, with pointed rods projecting freely into 
the air, Irom distant summits of the building, and con- 
nected with the main rod ; it should penetrate the soQ 
to some depth, and, where practicable, be connected with 
running water, a drain, or some good conducting channel. 
In ships, it ia now usual lo fis the conductors to every mast, 
and connect them with bands of copper passing throiigli 
the sides of tlie ship uoder the beams, and with the large 
bolta leading through the keel. By such an arrange 
well carried out, every building or ship may be moat 
tuaUy protected from the possibiKty of danger, 
similar arrangements, studded among the vineyards of the 
south of France, known as paragrileg, the electrical bati- 
atonns, which frequently destroyed the crops, are said 
have been materially checked. Thus, by availing 
of that knowledge which can be obtained liy inductiw 
science, man is enabled to protect himself against many 
the great distnrbances of nature. 

Gaivakism, or Voltaic ELEcTRicmr, as it has beeo 
called, — from Galvani and Volta, who were the meaw 
placing a new form of electrical force in the hands of 
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ptilosopber, — is the production of electrical disturbance 
by eheraical action. The stoty of Galvani is rariouslj 
told ; but, whether we receive the narration which makes 
him hang frogs by iron hooks to bronze railings, or the one 
which tells us that the chain from the prime conductor of 
his electrical macliiue was left by accident in contact with 
a sUver dish, upon which were aome frogs prepared for 
cooking, certain it is, that Galvani was the first to investi- 
gate the phenomenon of muscular disturbance under elec- 
trical eicitatioE. The facts were known long before, but 
Gulcani, examining all the circumstances, was led to the 
discovery that this peculiar electrical excitement took place 
when a circuit was formed of three parts, a muscle, a nerve, ■ 
and a metallic conductor, each placed in contact with the 
other two, Galvani gave the name of animal electricity to 
the phenomenon, and thus restricted inquiry within cer- 
tain physiological limits. 

Tolta took np the investigation : he showed that the 
physiological considerations were quite foreign to the sub- 
ject, and regarded the contractions of the muscles of the 
bog as merely a deUcate means of detecling electrical 
cuirents. The pile of Volta consists of a series of metai 
plates, arranged in pairs, one of each pair being a more 
oiidizable metal than the other. The action of contact 
has been already noticed ; and by pressing together a zinc 
and a copper plate, several times, in contact with the con- 
deoung plate of the electrometer. Fig. 139, a divergence 
^.effected. This i 
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1 referred to a tendency of bodies in contact to assame 

I opposite electrical states ; but it is now clearly established 
as the result of weak ebemicai action, this being greatly 
quickened by the contact of dissimilar metals; — zinc, for ei- 
ample, oxidising more rapidly in contact with copper than 
when alone. The researches of FaradBy and Becquerel 
haTe determined that no chemical action takes place without 
a dmelopmenl oj free dectrici/i/, and the manifestation of 
electrical phenomena is, in nearly all cases, known to be 
accompanied by chemical action. 

The simplest mode of examining this point, presents 
itself in the construction of the drj' piles of De Luc and 
Zambotti abeady described. A pile of this kind, carefully 
arranged, and wqU secured in glaas tubes with braa» 
caps, will keep in action for many years. The amount of 
chemical action is exceedingly small, but small as it is, it 

I devetopes a certain quantity of electricity, which is com- 

I municated to the brass caps. If two such piles are ar- 
ranged uear each other, one having the silver at the top, 
and the other the zinc, and a bgbt body is suspended 
between them, it is continually attracted and repelled, thus 
producing a sort of electrical perpetual motion. The in- 
fluence thus excited was termed by Volta, the eleetromo-' 

\ tine force ; and those bodies which will by contact give lise 

I to it, are called electromoCori. 

Sueh bodies, possessing these powers in different degrees, 
admit of anangement in definite order; those which 

L;Stand at the head of the scale being more excitable than 
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le wticli stand below it. The following is given from J 
results obtained by seTeral of the most successful culti-J 
HjAf this branch of science : — 

rtwo of these metals brought together will give rise to tlie ] 
tEomotive force ; but, the more remote the; Btand &om I 
1 other in the scale, the more decidedly will the chemical I 
tricity be developed. Zinc and lead will produt 
aic pile, hut it will he much less active than zinc aodfl 
I, or the same metal and copper, and still less than iheM 
ibination of zinc and platinum or charcoal. 
D all voltaic arrangements, chemical action is set up 1 
n the positive metal, and the negative metal performs J 
part of a condenser, upon which the electricity appears J 
iccumulate. But we must now exanline the constraD' J 
, of the voltaic pile and battery. 
f a piece of clean zinc is placed upon the tongue, and a 1 
ST coin below that organ, no perceptible effect is pro- I 
ed ; but upon bringing their outer edges to touch, i 
i thrill will pass through the tongue, a metallic taste I 
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will diffuse itself, and, if the eyes are dosed, a sensalion 
of light will he evident at the same moment. 

If a dead frog, or a small flat fish, the flounder, is placed 
upon a copper or silver dish, and a plate of zinc ia 
upoa its bock, no action will he obaerved ; but if a copper 
wire is pressed into close contact ivitt the zinc at one end, 
and if the other end is made to touch the dish, a convnl- 
aive movement wiU instantly taie place, which will be re- 
newed every time contact is made or broken. These veij 
simple forms of experiment lead us directly to the cou- 
structiott of the voltaic or galvanic battery. 

The annexed figure is introduced for the purposa of 
illustrating all the elementary pheno- 
mena of the hydro-electric arrange- 
ments. Here we have a zinc and a 
copper plate, z, c [Fig. 152), connected 
hy a copper vrire, placed in a glass jar 
containing a fluid, — let us suppose it 
to be water of the ordinary character. 
The visible result will be the osidation i 
of the zine plate, the want of any ehe- 
mieal action on the copper. If they 
were, both being equally bright and diacouuected, plunged 
into a similar fluid, they would he dimmed hy oxidation 
in nearly an equal degree in equal times ; chemical action 
taking place upon each of them. 

We must remember the law, confirmed by a most ei- 
tensive series of experiments, that eveiy chemical change 
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gives rUe to eleelrical dialurbance. Now, placing the zinc 
and the copper plates, without the comiectiDg wire, in water, 
rendered shghliy acid to increase the chemical action, we 
shall find, the m m nt th y a introduced, that the zinc 
plate will hccom o d b th b bblea, which, gradually 
enlarging, will quit th m tal and escape through the 
flnid: — these bubbl a hjdr n; and for every equi- 
valent thus libe at d a rr j nding equivalent of oxy- 
gen has combined with the zinc to form oxide of zinc. 

It has already heen stated that the quantity of electricity 
which holds a particle of water together, is exactly equal 
to that required to decompose it. lu the chemical decom- 
portion of the water, and the chemical composition of the 
oijgeB and linc, we have a disturbance of this combining 
force, and this circulates ordinarily between the water and 
the zinc ; but, if the copper is hrought in contact with 
the zinc by means of the copper wire, the electricity 
liberated is at once aocumulateil on the copper plate. 
This condensed electricity protects that metal from che- 
mical action ; hut a circulation is established from the zinc 
to the copper, through the water, and from the copper 
thiough the wire back to the zinc. 

AtetaUic contact is not necessary to the production of 
voltaic phenomena. The following experiment of Faraday 
ig very instructive, Prepare a plate of zinc, ten or twelve 
inches long and two inches wide, aud clean it thoroughly ; 
provide also two discs of clean platinum, about one inch 
and a half in diameter ; dip three or four folds of bibulous 
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paper into a strong aolution of iodide of potassiani ; placi 
them on the clean ziac at one end of the plate, and pnt 
on them one of the discs of platinum ; finally, dip similar 
folds of paper, or a piece of linen cloth, into a miitnre of 
equal parts nitric acid and water, and place it at the other 
iCnd of the zinc plate, with the second platinum diae upon 
it. In this state of things no change of the solution of the 
iodide will be perceptible ; but if the discs be connected hj 
a platinum wire for a second or two, and then that oyer 
the iodide be raised, it will be found that the Khole of t^ 
surface beneath is deeply stained with mohed iodine. 

From these experiniDnts, the construction of the voltaio 
pile will he better understood. Fig. 153 represents tl 

mode of arrangement : discs of zina 
1 copper are placed in pMrs, and 

often these are soldered together, hot 
, this is not necessary ; between each 
Kg. 153. pair a piece of cloth, or pasteboard, 

wetted with weak acid, or with a solution of salt, is laid. 
A hundred pairs of plates thus arranged irill produce very 
powerful effects. This, and another form of battery, was 
devised by Volta ; from the second variety, the couronmi 
de tateet, nearly aU the modem forms of battery appear to 
be derived. Take sis or twelve wine-glasses, and nearly 
fill them with acidulated water ; solder to the opposite endi' 
of short pieces of copper wire, a small plate of coppeit 
and another similar one of zinc ; place these in the glasses 
so that the plates of each pair arc in difiereut ones, — 
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copper, for example, in the first glass, and its connected 
zinc plate in the second, the copper of the second pair in 
the second glass, the zinc in the third, and so on, to the 
end ; 3 copper plate being at one end of the series, and a 
zinc plate at the other. 

Voltaic batteries may be divided info three varieties : — 
1st, those composed of two different electromotors and 
one fluid ; 2nd, those formed with two dissimilar metals 
and two fluids of different chemical characters ; 3rd, bat- 
teries with one metal and two dissimilar flnids. 

Among single-fluid batteries we have the old battery of 
Cniickshanlc, which is merely the pile already described 
fixed in a box, so that, for the cloth, an acid or saline fluid 
ia anbstituted ; Wolimton'i battery, in which every plate 
of ziuc is placed between two plates of copper ; (Ented't 
trOQgh, which consists of troughs of copper in which the 
zinc is placed without touching the other metal at any 
part, and which also serves to hold the fluid ; Hare's spiral 
or calorimotor, which is formed by rolling ^inc and copper 
iheets into a spiral, so that the two metals are in every 
part half an inch asnnder ; — this arrangement is placed in 
a vessel containing the diluted acid solution. The enormous 
battery constructed by Mr. Children waa of this class, 
being plates six feet Jong, and two feet eight inches 
broad. Among mmlem batteries, Smee'a is the best form 
of those in which a single fluid is employed : it is of the 
following deacriptiou. 

Two plates of amalgamated zinc, z, z, are clamped to a 




ELECTEICITY. 

2 of wood w, by means of a bent piece of brasB B 

;. 154), which 13 furnished with a bmding acrew. 
Between these two is ftied a plate of 
platinized silver a, which is prepared by 
mersing it for a short period in a soIq- 
tion of chloride of platinum whilst con- 
nected with the negative end of a vol- 
taic battery, by which process the pla- 
tinum is deposited on the silver in vhj 
fine powder, forming an infinite nnm- 
ber of points, &om which the bydit^m 
Fig. 154. is freely evolved by the action of the 

dilute sulphuric acid a. 

The second order, or those hoTing two dis^milai fluids 
and metals, comprehends the batteries of BatUell, Grow, 
^ttrgeon, and Bunsen. 

Darnell's battery (Fig. 155) consists of a copper vessel C, 
I which holds the liquid — solution of sulphate of copper — 
and serves as the uc^tivc plate at the 
same time. In this is placed a cell, p, of 
porous earthenware, in which is put a 
solution of sulphuric acid, and the zino 
cylinder a. At the top of the copper 
trough is small perforated shelf, upon 
^^ 11^^^ which are placed crystals of sulphate of 

^^ K '^^1 copper, the object of these being to 

^^1 I ^^l^flE ''^^''^^"''^ ^^ solution at a point of satu- 
^^1 T^^^^^f^^^ ration ; for, as the zinc oxidizes in the 
^^1 Fig. 155. inner cell, the sulphate of copper is 
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decomposed iu tUe outer one. To charge this battery 
of Saniell, one part of aulpliuric acid to fifty of water 
is placed is the porous cell, and a saturated solution of 
sidpliate of copper in the outer trough. This battery is 
remarkable for its permanency of action; and if means 
are adopted for supplying fresh acid in the zinc celi, it may 
be maintained in energy for a considerable period. 

Grooe'i battery (Pig. 156) consists of a 
cylinder or U-shaped plate of zine z, which 
is placed in diluted sulphuric acid a, in the 
outer glass or glazed cell ; an unglazed, and 
consequently porous, earthenware cell, n, is 
placed nitliin the zine ; this is filled with 
strong nitric acid, in which is immeraed a 
plate of leaf platinum P. The intense action 
of this battery renders it very valuable as an 
agent in electro-chemical researches. Fig. UB. 

Bunsen's battery (Fig. 157) is but a moditied form of 
Glrove's : in both, nitric acid 
and dilute snlphuric acid are em- 
ployed; but in Bnnsen's a cylin- 
der of coke is substituted for the | 
platinam. These eyliniiers are 
made by well mixing together 
coal and coke, pressing them in 
moulds, and subjecting them to 
repeated firing, by which they Pig. 1B7- 
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^^B are reuileretl vEiy coheretLt. The mode uf coanecting 
^^P the Eiuc cylinder of one pair with the coke cylinder of 
another is shown iu tlie preceding figure. In Grove's 
and ill Bunsen'a battery the nitric acid is decom- 
posed, and the fumes of nitrous acid are unpleasant and 
injurious; these batteriea should, therefore, always be 
placed outside a window, the wires from them beii^ 
brought into the apartment. It has been calculated by 
Jacob! and others that it requires about sixteen times the 
surface of copper to produce the effect of any surface of 
platinum, but that in electrical effect carbon and platinam 
are very nearly equal. The carbon buttery of Buiisen 
has not been much used in this country, and there are 
many practical inconveniences connected with it. It not 
unfrequently happens that the nitrous acid attacks the 
nine eollar very energetically, and erodes it ao rapidly as 
to destroy the metallic connection; and this, in an eiten- 
sivB series, and in the middle of u tedious experiment, is 
exceedingly annoying. The platinum in Grove's battery 
is iiaually connected witli the zinc plates by clamps of 
wood, and the battery may be relied on for many hours. 

The third form of battery, or that in which two dis- 
similar Huids arc used and but one metal, or its equiva- 
lent, comprehends the batteries of Becquerel, Wohler, and 
fieiuach, and the curious gaa buttery of Grrove. 'K into one 

I arm of n U-ahaped tube, — a little lump of clay, or other 
porous malerial, being placed at tlie bottom iu the middle 
pf the tubCj — we pour a solution of caustic potash, and of 
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sulphuric or any add into the other arm, these two com- 
bine, bIowIj, to form a salt. If two pieces of platinum 
wire are placed in the open ends of the arms, a current of 
electricity will be found to circulate. A very simple method 
of constructing a hatteiy on Becquerel's principle ja the 
following ; — Take two watch-glasaes, and having placed 
in one of them a solution of common salt, and in the 
other a solution of nitrate of silver, connect them by a 
little bundle of cotton tUreada. The two fluids, ascending 
along the capillary fibres of the threads, combine in the 
middle, and form chloride of silver. If a. small piece of 
platinum ivire is placed with either end in a glass, it will 
be found, after a few hours, that crystals of metallic 
silver will be formed arouaci the wire in the solution of 
the silver salt, this crystallization being due to the elec- 
trical excitutiou conveyed along the wire from one solution 
to the other. 

Grove's gas battery deserves particular description. 
In a series of jora are placed plutea of platinum, two in 
each, — one a narrow slip, the other a square plate, 
united together near the top ; a set of tubes are con- 
nected with 3 main tube, which terminates at one end 
in a large bell-shaped opening, and at the other end a 
glass stopper is adjusted. The jars are nearly filled with 
acidulated water, and an additional larger jar, in which 
is fixed a cube of einc, is filled with dilulL-d sulphuric 
acid. The connected tubes, the stopper being removed, 
are then placed in the jars, so that they cover the platinum ; 
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the bell-jar being over the zinc ; they are, of coarse, 
filled with fluid to the level of that in the jars, and then 
the stopper is firmly adjusted j the hydrogen fonning by 
the action of the zinc rises at the bell-shaped end of the 
tube, and gradually fdls the others, depressing the fluid, 
until the platinum strips are left nearly dry, and the acid 
falls below the zine, when chemicoi action ceases. Tbe 
strips of platinum are now exposed to the action of 
hydrogen, and the square plates to the oxygen of the 
atmogphere, A current of electricity will now be generated, 
and circulate along the connecting wires. A aeries of ten 
cells are sufficiently powerful to effect the decfimpoBition 
of water, and give minute sparks. 

The charcoAl battery of Itdascb coDslBts of a gloss ju sai 
« porous cell within it. Both between the jar and the eeU, 

n the ceE itself, is placed coarsely-powdered charcoal ; 

le compartment the charcoal is saturated with nitric 
acid, and in the other with sulphuric acid. A rod of coke 
or charcoal is placed in each, and a wire being fastened 
to the exposed end, upon closing or opening tbe circuit 
electricity will he manifest. 

In all the useful batteries zinc is the most iroportwit 
element, and the process of amalgamating it, or coating 
its surface with mercary, which was introduced by Mr. 
Sturgeon, by arresting tbe merely local chemical eflect 
which is found to act in certain defined cu-cles, materially 
improves the condition of the battery. Even impure 

amalgamated, does not decompose the water of 
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dilute sttlphuric add, bat atiU has snch an affinity for 
oxygen, that the moment it is touched by copper, a 
powerful electric excitement is produced. Such are the 
sources from which, ordinarily, wc obtain voltaic elec- 
tricity; the fiction of different bodies in relation to that 
force must now be notic«d. A given amount of electro- 
motive power 13 generated by the chemical action in the 
battery, and this can be communicated to almost any 
distance by amdaelon, the only limit to tliis being the 
resUtance to conduction offered by the conducti'ag iodg. 

The conducting power of a body varies with its 
physical structure ; the following table, by Becquerel, 
shows the degree of this in a few of the metala. The 
numbers represent the relative lengtha of wires of 
equal diameters which conduct the same qnantities of 
electricity ; — 



I 



Copper 100 Iron . . 

'«aU 63 Lead . . 

Silver 73 Merrary , 

2inc 28 PotaaBium 

Platinimi .... 16 



bodies vary in this power of conducting current or 
progregdng electricity. The metaUiferous ores are mostly 
good conductors ; the rocks as commonly are insulators, 
the amount of resistance they offer preventing the progress 
of the electrical excitation. Faraday has shown that the 
law of the asaumptlon of conducting pOKer during liqnefae- 
tion, and the has of it dwrvng congelation, is very general. 
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■ "Water is not a. had conductor, liut ice will not conduct 
f thiougi the thinnest film. 

In the battery itaelf, alarge amount of resistance haa to be 
I overcome by the electromotive force; — 1st, the resistanee 

offered by the length of every plate in the series, and, 3nd, 
I that which the electricity has t€ overcome io passing from a 

solid to a liquid, or the contrary. The greater the intensity 
I of the battery, the less, relatively, is the resistance : it 
f would appear that the impolsive force of an intense action 

broke through rusisting powers, which a feeble action 
} could not overcome. 

The law of Ohm, which is applicable under all circum- 
: stances, fully expresses the great fact ; — tie itilinmty (^ 
I «» flfctric current, lehen a battenj ia in action, i» dirtily tU 

the whole electromotive force in operation, and inoends n 
[ Me awn of all the impedimenU to conduction. 

It must be ever borne in mind that the excitation of 
I electricity is directly as is the amount of chemical actioii, 
Vand as this increases with the amount of surface exposed, 
I we have the means of greatly increasing the power. The 
I impediments to conduction are of two kinds, one in the 
I battery, and the other in the conducting wires ; therefore 
\ the increase in the number of plates in a batteiy, at the 
I same time as they expose a much larger extent of surface 
f to chemical action, offer a constantly increasing amount of 
I resistance to the passage of the current. Thus, the quan- 
\ iity of eleelricitt/ cannot be increased with the increase of 
■ IQetal plates. A single pair of zinc and platinum plates 
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throws as much electricity into the form of a current by 
the oxidation of an equivalent of zinc, as would be circu- 
lated by the some alteration of a thousand times that 
quantity, wiiich would be nearly five pounds of metal oxi- 
dized at the surface of the zinc plates of a thousand pairs 
placed in regular battery order. For it is evident, tliat the 
electricity which passes across the acid, from the zinc to the 
platinum in the first cell, and which has been associated 
with, or even evolved by, the decomposition of a definite 
portion of water in that cell, cannot pass from the zinc to 
the platinum, across the acid in the second cell, without 
the decomposition of the same quantity of water there, 
and the oxidation by it of a like equivalent of zinc. The 
same result occurs in every other cell : the electro-che- 
mical equivalent of water must be decomposed in each, 
Iwfore the current can pass through it ; for the quantity 
of electricity passed, and the quantity of the electrolyte 
deoomposed, must be the equivalents of each other. The 
action in each cell, therefore, is not to increase the amount 
set in motion in any one cell, but to aid in inking for- 
ward that quantity, the passing of which is consistent 
with the oxidation of its own zinc ; and in this way it 
esalta that peculiar property of the current which we en- 
deavour to express by the term intemUy, without in- 
neaaing the qaantiti/ beyond that which is proportionate 
to the quantity of zinc oxidized in any single cell of the 
series. (Taraday.) 

Pormerly, the direction of improvement in the voltaic 
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battery was towards gaining power by the increase of tte 
number or size of the plates. Sir Humphry Dary em- 
ployed a battery of 3,000 pairs of plates, eacb plate having 
a surface of thirty-two square inches ; and Mr, Pepjs 
made a battery for the London Institution, consistin; 

c and copper plate, each fifty feet long and two wide, 
rolled into a coil, with horse-hair ropes between them to 
prevent their touching. Now, however, with ten or twenty 
I pairs of plates, we can produce effects in every respect 
superior to those which resulted from the use of such cun 
I brous, troublesome, and costly arrangements, whether w 
regard the calorific, chemical, or magnetic power of the 
electro-chemical current. 

QTiJic plienoviena. — Heat is evolved whenever b vol- 
taic escitatioa is sent along a conducting body, the in- 
I tensity of the heat being greatest when the plates are 
I large ; and it may therefore be referred rather to quantiig 
I than intensity. The heat is also regulated by the c 
I ducting power of the body through which the current 
passes ; bad conductors of equal length and thickness 
becoming much hotter than good ones in the same time : 
indeed, the experiments of Eiess, Faraday, and Becquerel 
e that the relative power of metals for acquiring bea^ 
by electric excitation, is directly as their retarding powers, 
or their resistance ; — thus, if we link together pieces of 
copper, iron, silver, and platinum, oud pass the voltaic cni^ 
rent along them, they will be found to be unequally heated, 
e platinum being the most, the copper the least so. 
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The easiest mode of showing by experiment the heating 
power, is to connect the poles of a battery by means of a 
fine platinum wire of a certain lengtli — it may become hot, 
but if sufficiently long it wHl not become red ; shorten the 
wire, and it beeomes immediately incandescent ; shorten 
the wire still more, and it will become white hot and melt. 
U such a wire is carried through saline water in a watch- 
glass, the liquid will presently boil, and if through alcohol 
or ether, or if we place over the wire phosphorus or giyi- 
powder, they wiU be inflamed. This power has been ap- 
plied to the purpose of firing mines of gunpowder, and 
for producing explosions of the same substance under 
water. The blasting of our chalk cliffs has been effected 
oa a very large scale by this meana, The process is aa 
follows : — The wires from a sufficiently powerful battery 
are eonuected by a piece of platinum, which is placed in 
the midst of a mass of gunpowder, or, if many boles have 
been bored, several portions of wire are thus connected by 
platinum, which is, by bending the wire ou itself, arranged 
so that the platinum can be placed at the bottom of the 
hole, and the powder poured in upon it. When all is pro- 
perly adjusted, connection is made with the battery, and 
immediately all the pieces of platinum become sufficiently 
hot to explode, at the same moment, the gunpowder in a 
great number of holes. 

The most refractory substances may be most readily 

fused by the heat of the voltaic battery. The metals 

readily yield to its influence. Gold burns with a bluish 

s 2 
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I light, silver with a beButiful green colour, and the com- 
i bnstion of the other metals is alwuys accompanied hy veiy 
KBtrildtig results; while platinum aud peUadium may be 
KloBed in very large quantities. The earthy minerala may 
■ be fiised in the arc between the poles of a battery. Sap- 
l phite, quartz, slate, and lime are readily liquefied, and the 
I earths reduced to their metallic conditions. The diamond, 
f placed ill a piece of graphite at one of the poles, and 
I the other pole ia brought over it, so as to spread the lunai- 
i nous arc over the gem, is at first fused, it prcsenfly boils 
I up, and, spreading open, is converted into coke, — a moat 
[ striking proof of the fact that charcoal and the diamond 
I are but different physical states of the same body, carbtm. 

Becquerel suggests that the heat thus obtained may he 
I applied to many useful purposes, particularly for smelting 
I gold and silver ores in those mining districts where fuel 
easily obtainable. 

The InmiHOKi effects of the battery connect themselves 
I directly with its caloiific excitation, and, as Draper has 
I ahown, all bodies become luminous when the temperature' 
I produced by the current reaches 1000° Fahrenheit. 

!ry small voltaic arrangement is sufficient to pro- 
[ dnce a spark of light every time the circuit ia closed at 
I opened. If the two ends of wires proceeding from the 
I opposite poles of a battery are brought nearly together, a 
I bright spark will pass from one to the other, and this takea 
I place even under water, or in a vacuum. 

The moat brilliant luminous effects are, howevra, pro- 
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duced between charcoal pointa connected with the ter- 
minal poles of batteriea of high intensity. The eleetria 
Ugki is produced by such an arrangement. The poles, being 
armed with hard box-wood charcoal or compressed car- 
bon, are brought within a certain distance, which varies 
with the power of the battery employed, and a beautiful 
arc of pure white light circulates between these points. 
When a large and powerfnl arrangement is employed, the 
intensity of the light is extreme, and by means of reflec- 
tors its illimiinating powers can be extended for many 
miles. Pubhe hope has been from time to time excited 
by displays of this phenomenon of electric power, but it is 
in many respects impracticable as an illuminating agent. 
Tbe expense, in addition to other objections, ia a great 
obstacle to its introduction. In examining any of those 
physical phenomena, artificially produced, we must not 
forget, that in every case, whether heat, light, or electricity 
is obtained, there is for any given effect a consumption, a 
okartge of date, of a d^Jinite proportion of some material 
eleraent. Coal is burnt in our furnaces, to give us heat ; 
oil in our lamps, to furnish ns with light; and zino and 
add in the battery, to produce any of the phenomena con- 
sequent upon voltaic action. 

The pltijnological elFects of the battery are of the same 

diaracter as those produced by frictional electricity; but 

as the former are continuous, and the latter transitory, 

Bome of the sensations are difl'erent. Upon grasping the 

^■frends of the connecting wu'es of an intense battery 
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I with wet hands, a convulsive tremor passes through the inns- 
l> clea. Galrani's expenment must be regarded as the liinda- 
I mental one of this very peculiar class. The legs of a bog 
I are prepared b; being denuded of their akin, still allow- 
I ing them to be attached to a portion of the spine ; — place 
[ the spinal end on a plate of zinc, and the feet on a plate of 
k copper; pass a wire from one piece of metal to the other, 
I and the moment the circuit is completed and eiectrical pro- 
I gression takes place, that instant the frog's legs will move 
I as if with life. Aldini'a experiments went strongly to support 
I the views of his uncle Galvani, who beheved in the esisteuce 
a pecuhar form of electrical excitement which existed m 
[ all animals, which was called by him animal eiectrv^, 
I and which was rendered sensible by the metals, bnt not pro- 
k.daeed by them. Modem researches appear to show, that 
1 every instance in which electricity is manifested, it 
i connected with chemical action. It is inferred, there- 
3, that electricity is not a function of vitahty, hut the 
esult of those chemical changes which are constantly going 
n all living oigauic bodies. In the animal economy we 
I have carbon combining with oxygen in the procgga-of reaju- 
I lalion, and in all the processes of assimilaliou we have che- 
Kmical changes constanty occurring. In ibe operation of 
s of diffusion, and by the influence of endosmose 
faction, acid and alkaline matters are separated from each 
It has been shown by Donne and by Bird, that 
Q arrangement of a solution of common salt and of mu- 
iatio acid divided from each other in a cell, liy a piece of 
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ammal membrane, through which, by endosmose, they 
algwly combine, is quite aufficient to produce electrical 
esdtement. 

A very numerous class of experiments have been pub- 
lished, which would appear to afford some evidence of 
vital electricity. An csperiment by Matteucd will well 
illustrate the general conditiona. This electrician in- 
tiodijced a plate of platinum iuto the stomach of a living 
mbbit, placed another on the liver, and connected both 
with a galvanometer, the needle of which was instantly 
deflected 20°, this defiectiou being observed to be con- 
stant; the nerves and vessels passing into the abdomen 
were divided above the diaphragm, and immediately the 
needle fell back to 3°, and nu cutting off the head of the 
rabbit by a sudden blow, this slight indication of a current 
immediately ceased. 

M. du Bois Eaymond has recently brought forward 
some experimeiitB which a]]pear to show that every mus- 
cular movement gives rise to electricity. At the end of two 
wires, which are securely fastened by the other ends to a 
galvanometer, are attached two plates of platinum, which 
are placed in separate glasses of water. The index finger of 
the left hand being dipped into the water of one glass, the 
right arm is contracted very powerfully and again extended ; 
the finger being then plunged into the water in the other 
glass, by which the galvanometer ia deflected, indicating 
the existence of a current produced by the muscular force 
^ 
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The phenomena of animal electricity are still involved in 
much difficulty, but there are a suffideut number of facts 
collected to warrant the adoption of the following views. 
An electric circulation passes from the stomach to the liver, 
which ceases with life, or on the division of the nerves 
connected with these organs ; in muscular movement a 
disturbance of electrica] equilibrium is produced, which, 
when the nervous system is severed, entirely ceases. 

Herschel has a very bcantiful speculation upon this 

subject ; he says, " If the brain be an electric pile con- 

atantly in action, it may be conceived to discharge itself 

regular intervals, when the tension of the electridtj 

I reaches a certain point, along the nerves which commnni- 

f cftte with the heart, and thus to excite the pulsation of 

that organ." Dr. Arnott appears also disposed to look to 

lame source for the active agent which keeps up the 

I regular pulsations of the heart. 

This idea has been carried much further by some, and 
I loosely-contrived experiments liave been brought forward 
n support of the view that all vital phenomena are due to 
electricity ; indeed, certain resemblances have been thought 
I to be traceable between the phenomena of a voltaic bat- 
I tciy and the organs of sense. Galvanic noses and elec- 
I trical ears have been made, and, by a series of poor analo- 
gies, very un philosophical deductions have been supported, 
I to prove that the human senses are but galvanic pheno- 
i. We may rest assnred that life is infinitely superior 
I to the most exalted form of physical force ; that seusa- 
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tion is dependent upon a still more refined power, wbich 
most be regarded as spiritual ; and that, although we may 
detect electrical phenomena in the processes of vitality, 
they are the elFeot, nnd not the cause. Maa, with all the 
appliances of his ingenuity, by all the aids of the most re- 
fined system of science, must ever stop at the threshold 
of life. Physical science will never enable him to con- 
struct a voltaic nose which can smell, to form a galvanic 
ear which shall be sensible of sound, or to adjust an elec- 
trical eye in which the solar rays can awaken the sense of 



We have a few remarkable instances of animals which 
possess a power of generating electricity, and evolving it 
by an effort of their will. This remarlcablc effect is most 



striking in the two fishes, the torpedo s 
but it is also detected in the tetraodon, 
lilunu rhinotaitts and iriehainis 

The Torpedo (Fig 15b) is a genus 
of fishes belonging lo the tamily ot 
the ravs The electncal apparatus 
consists of small membranous tubes 
disposed like the cells of the hontj 
comb, and which are filled with a mu- 
cous substance. Tliis singular ar- 
rangement, which is shown in the an- 
nexed woodcut, is disposed between 
the head-gills and the pectoral fins, 
^^ it is abundantly supplied with 
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iienes radiatiag from tlie eighth pair, or pneumo-gastric 
nerves. These creatures liave the power of striking or be- 
numbing their prey, and thus rendering them easy captives. 
Dr. Davy succeeded iu deeomposing acidulated water 

k by the electricity of the torpedo, and producing the evo- 

t lutiou of iodine from the iodide of potassium. He has 
heated platinum wire, and rendered iron magnetic, from 
same source. The power of comiaumcating au electric 
shock depends entirely on the nervous system, for the 
heart may be taken out, and the fish flayed, without its 
ig the power ; but if the nerves are divided, no furtha 

! electricity can be evolved. 

The Gymnotiis (Fig. 159), or elertrical eel, is an in- 
habitant of many fresh-water rivers in South America, 
The following 

I description of 

I them is de- 

\ rived from 

[ Humboldt. — 
*' The marshy 



fV^ 



Fig. 159. 

I wstera of Bern aud Rastro are filled with numberless elec- 
I trical eels, which can at pleasure send a powerfuldischarge 
[ from any part of their sUray, yellow-apotted ho 
e gymnoti are from five to six feet in length, am 
powerful enough to kill the largest animals when they 
discharge their nervous organs at once in a favourable di- 
rection. The capture of the gymnoti affords a picture 

Mules and lioises are driven into a marsh. 
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which is cloaely sarroimded by Indians, until the unwonted 
noise and disturbance induce the pugnacioua fish Id begin 
an attack. One aeea them swimming about like serpents, 
and trjing, ouaningly, to glide under the bellies of the 
horses. Many of these are stunned by the force of the 
invisible blows; others, with mnnes standing oa end, 
foaming and wild, with terror sparkling in their eyes, try 
to fly from the raging tempest. But the Indiaim, anned 
with long poles of bamboo, drive them back into the mid- 
dle of the pooL Gradually the fury of the unequal strife 
begins to slacken. Like clouds which have discharged 
their electricity, the wearied fish begin to disperse ; long 
repose and abundant food are required to replace the gal- 
ranic force which they hare espended. Their shocta be- 
come gradually weaker. Terrified by the noise of tram- 
pling horses, they timidiy approach the bank, where they 
are wounded by harpoons, and cautiously drawn on shore 
by non-conducting pieces of dry wood." 

A gymnotus brought to this country by Mr. Porter, 
and purchased by the proprietors of the Adelaide Gallery, 
afforded Dr. Faraday the means of esamining the pheno- 
mena it eshibiled, and of proving the identity of its elec- 
tricity with the more common forms of that force. Shocks 
were given and received, the galvanometer was deflected, 
magnets were made, chemical decomposition was effected, 
heat appeared to be produced, and light was several limea 
evident in the production of the spark, 
^^Jrofesaor Majiteucci has had abundant opportuniiies of 
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experiment with, and examining of, the torpedo, and 
gives the following as liia views. — The electric organ 
the torpedo, and of all the electric iishea, 13 composed n 
great numljer of elementary organs, and the elementl 
organ ia nothing else but a nervous fibril in contact w: 
a small cell filled with albumen. 

The Silurus, or cat-fish, ia found in some of the Afiii 
rivers, but it ia little known ; and with the other fiahea nan 
our acquaintance is still less. It is stated that a Chil 
spider has the power of benumbing the hand by whicl 
i touched, and aome other creaturea have been said 
poasess this power, but it is doubtfiil. 

The chemical effects of the voltaic battery were first 1 
served by Carbsle and Nicholson ; the enormous power! 
the current rendered by Davj- available in decomposing: 
alkalica and earths, and Becqnerel, 
Crosse, and others have shown that 
many of the phenomena of nature 
. be imitated by its influence. 
In the annexed plate (Pig. 160) is 
given a very aimple arrangement by 
which the decomposition of water is 
readily effected. The two little cups 
jhown on the base have wires of 
platinnm connected with them, which 
ate carried into the veaael in which . 
the water is placed, and these cups ' 
are filled with mercury to ensure Kg, leo." 
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metallic oontact when required. A graduated tube, filled 
witt water, 13 placed over the wires ia the glass, and the 
wires from either end of the battery being placed in the 
mercury, gas is immediately evolved from both the wires 
and collected in the tnbe. This gaa ia a mixture of hy- 
drogen and oxygen, and it may be exploded by a like elec- 
trical current, and reconverted into water. If two tubes 
are employed, and one placed over each wire, the gases 
are obtained in a separate state, and in those exact pro- 
portions which go to form water. If the water is very 
slightly acidulated, its conducting power is increased, and 
the decomposition goes on with much greater energy ; 
the hydrogen gas always appearing at the negative pole, 
and osygen at the positive. A similar attractive power 
is exhibited for one chiss of bodies by one pole, wiule a 
different class are attracted by the other. The poles of a 
battery have been aptly described by Faraday as the doors 
by which the electricity enters into, or passes out of, the 
substance suffering decomposition ; and in every instance 
one element of a compound, undergomg electro- chemical 
change, is found at that point through which the electri- 
dty is flowing into the mass, and the other element as 
constantly gathers at that point through which the elec- 
tricity is passing ont. There has been much difficulty in 
accounting for this. The difficulty will be more evident 
if we take the experiment on a loi^e scale : for example, 
if on one side of a wide river the positive pole is placed 
in the water, and the negative pole on the other, wc shall 
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still have — the battery being of sufficient power— oxygen 
given off on one side of the river, while hydrogen oi 
would be evolved at the other. Since we know that every 
particle of water is composed of oxygeo and hydrogen ii 
the exact ratio of two measures of the latter to one of thi 
former, it might be supposed that the electric current 
having separated the oxygen at one point, hydrogen woulc^ 
having lost its combining elemeat, also escape at the 
point, which is not the case. The arrangement of the 
particles constituting a layer or line of water, howsoevM 
wide, would be as follows : — 

P.— O.H., O.H., O.H., O.H., O.H., O.H.— JV 
If the positive pole is placed on the left, and the 
tive to the right, osygeo passes off from the first, and hy< 
drogen from the last ; if we reverse the poles, the ordW 
of the decomposition is changed also. We are not to sup* 
pose that when H. is hbcrated from 0. at JV., that the 0. 
of that particle passes over along the line to F. Water U 
an aggregation of particles, but those aggregated particles 
form a complete whole ; the ocean is one large drop com- 
bined from an infinity of smaller ones. We have already 
stated that the quantity of electricity which decomposes 
a body, is exactly equal to that which effects its composi- 
tion ; therefore, where there is continuity, when we disturb 
the electricity of combination on one side by adding, 
force, it is equalized by passing off on the other. In pass- 
ing from a soUd to a fluid conductor, or from a fluid to a 
sohd conductor, the resistance is very great ; but, in over- 
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comiug this reaistanee, on either aide, ilecompogition is pro- 
duced, as if from one drop, — the hydrogen evolved on one 
side of the river being in esact ratio to the osygea Uberated 
on the other, and both are in direct relation to the quan- 
tity of electricity in progresa. The difficulty which really 
besets the question arises from the imperfect views which 
are entertained of the molecular constitution of matter, 
and of the mode in which the physical forces are distri. 
huted around every mass, and each particle of the mass. 
By learning to regard every combination as a unity, — a 
complete whole, — the uncertaiiity of the problem appears 
to be considerably diminished. Accordingly as bodies 
appear at the one or the other point of electrical progres- 
sion, — the point from which it flows out, or that at which 
it flows in, — tables have been constructed, arrangmg aU 
substances into positive or negative elements. 



Oiygea. 


Hydrogen 


Sulphur. 


Potahsiom 


Nitrogen. 


Sodium. 


Chlorine. 


Litiunm. 


Iodine, 


BariDin. 


Bromine. 


Strontiuir 


Flnorine. 


Iron. 


PhoBphonia. 


Lend. 




TSn. 




Bismnth. 




Jlercury. 




Gold, So, 



Considerable difficulty a 
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meats, siaoe a substance may possess one kind of electrical 
energy in regard to some bodies, and an opposite energy 
in rektion to others. Oxygen is negative in every com' 
bination, and potassium nppeara to be uniformly poai 
tive. Hydrogen ia liighly positive wben compared y 
oxygen and cblorine, but with metals it always exbibib 
negative electrical energy. T!ie application of electro: 
chemical decomposition in the process of the ■ 
type, will afford a sufficient explanation of the , 
mena which attend the chemical infinences of the volttti 
energy. 

Meclro-iuelalluTgif, as the process is commonly called 
was first made known to the world by .Tacobi, of St 
Petersbu]^, and Mr. Spencer, of Liverpool; the origin 
however, of the process may probably be referred 6 
Daniell's battery. The cupreous salt in the copper od 
is slowly reduced, and when the coating of metal ha 
been removed, it has been found to preserve the moi 
perfect representations of the siulaces upon which it hai 
been deposited. 

The most simple form of n 
trotype apparatus 

Pig. 161. In a glass jar is pkced a 
saturated solution of sulphate of cop- 
per ; a glass cylinder [a lamp-glass for 
example) has a piece of strong brown 
paper or a piece of bladder tied firmly 
over one end, and this being filled witb 




Fig. 161. 
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dilated sulphuric acid, is placed iu the solutioii of the 
t»pper salt. We will suppose it is desired to obtain a 
copy of a brouKC medal : — A piece of copper wire is firmly 
secured around its edge, and at the other extremity is fixed 
a plate of zinc ; the zinc is dipped into the inner cell 
containing the weak acid, and the medal into the solution 
of sulphate of copper. It will be evident that all we have 
done in this arrangement is to make a compound voltaic 
cell, — a zinc and a copper plate being in dissimilar solutions. 
Chemical action takes place on the zinc : thia awnkcnicg, as 
is already explained, electrical excitement, the disturbance 
is passed by the wire to the copper plate, and from every 
surface of the medal it escapes into the copper solution, 
aud through the interposed diaphragm back again to the 
rinc. Now, since the electricity which decomposes is 
exactly equivalent to that by which the stabihty of com- 
position is maintained, we have, for every equivalent of 
zinc dissolved, an equivalent of copper precipitated ; or 
for every thirty-two and a half grains of zinc combined 
thirty-one and a half grains of copper are deposited.- 

Under whatever arrangement we may effect the electro- 
type, it must be remembered that the cell iu which de- 
composition takes place, forms but a supplentcntaiy cell 
to the buttery employed. The decomposing cell (Pig. 163) 
is merely a vessel containing the solution, the decompo- 
sition of which is desired— -for example, sulphate of copper. 
A fac-ainiile being required of an engraved copier plate, 
the engraved plate on which the precipitation is to take 
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place, ia connected with the zinc plate of the batteiy, whil«l 
a sheet of copper is connected with the copper, bUvbt, 
platinum, accordingly as 
the batteiy to be emploj ed 
may be Daniell's, Smee s, 
or Grove's. As soon as the 
Bctiou commences, water 
is decomposed, oxygen 
passes to the positi\ e plate 
and osidizes it.and the hy 
drogen accumulates on the 
engraved negative plate : Fig- 162. 

by the agency of this hydrogen, the oxide of copper, com- 
bined with sulphuric acid to form the sulphate, h reduced : 
its oxygen forms water, with the hydrogen ; and the me- 
tallic copper is deposited in the most uniform manner, i 
perfectly coherent mass, on the eograved plate, of which an 
exact copy, in rdirf, is obtained. To procure a fac-simife 
of the original plate, this electrotype is subjected to a repe- 
tition' of the process, the result of which is, that a reverse 
impression of it is obtained. The process of electro-plating, 
with either silver or gold, is in every re.spect the same in 
principle, the solutions of the metallic oxidea being, how- 
ever, alkaline instead of acid. 

Numerous modifications of these processes have beai 
introduced ; but for an account of them, the reader is re- 
ferred to works which treat especially of the electrotype, 
electro-metallurgy, or galvano-piastic, as the process is 
variously termed. 
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It will be readily conceived, after wliat haa been stated, 
that in voltaic electricity we possess an agent by which we 
are enabled to break up the strongest affinities. Ail the 
metallic and earthy compounds can thns be resolved into 
J aimpler parts, and in many of the reductions most 
g phenomena present theniselves. 
lOng the most remarkable may benamed the trana- 

Kon of the decomposed elements through substances 
which lire bad cond t and tb ongh liquids which 
have a chemical affin t f th m 

The following xp nm nt afl d a ry heautilul illus- 
tration of the fi t f tb ondit and also gives us 
the means of ep aimg n the lab at ry many of those 
processes which me evidently progressing on a large stale 
in nature. An oblong box (Fig. 
163) is divided in the centre 
by a wall of clay, c, three o 
fonr inches in thickness, or by 
a mass of plaster of Paris, or 
even of sandstone ; a eibc and 
a copper plate, a, b, connected 
by a band of copper, is then to 

be placed on either side of the wall, and the voltaic pair e; 
dted by dilute sulphuric acid on the zinc side, and a solu- 
tion of sulphate of copper on the side of the copper plate. 
If this simple arrangement is allowed to work for about six 
weeks, it will be found that the condition of the substance 
employed as the wall is very curiously changed. On the 
T 3 



J 


i 

i 


i , 
1 


s^^ 


--'' (--'^ 



Fig. 1 



ELECTRICITT. 



^H S7S 

^^H side next the zinc plate it assumes a slaty etmcttire 
^^H andtlie copper dissolved in the negatiTe cell, passing with 
^^B the retumiog current, will be fouud in the clay or plaster, 
^^H arranged in a well-deHoed line, imitating the character 
^^H of such mineral lodes as are fouudin the primary rocks. 
^^H Fig. 164 represents the re- 
^^H suit ohtained after the action of 
^^H a weak voltaic rurrent paiisiTig 
^^H through a considerable mi'<s rt 
^^B clay for several montht wLnli 
■ menta some particular descnp 

tion from its perfect imitation of 

notur-U phenomena The mass 
^^t ot Stourbndge day was placed Tig. 164. 

^^H in precisely similar eonditious to those already described, 
^^V excepting that common salt was employed in the place o! 
' sulphuric acid. On the zinc side, c, to the depth of an 

iuch and a half, there were distinct lines of lamination 
I parallel to the plate, not extending in straight lines from 

I the top to the bottom of the mass (whicL was twelve- 
inches deep), but, after proceeding about six inches down, 
exhibiting a tendency to bend inwards. Upon breaking' 
the clay open when dry, it was fouud that after proceeding 
towards the centre of the mass tbey agala turned out- 
wards, and formed, iudeed, curved lines from one point 
near the middle of t!ie zinc plate to its lowest point, 
consolidation on the copper side was veiy distinctly 
^^- marked, and the appearance was that of a continuation of 
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hsrd nodular niassea along the lines of the returning vol- 
taic corrent. This consolidation had evidently been pro- 
duced by drawing the particles from the middle of the 
mass, where a large hollow, a, was formed, and this was 
found to be a portion of a very decidedly marked hne of 
action fi^m the bottom of the zinc plate to the centre of 
the copper plate, &, and from that point to the top or the 
pcaitive aide. As these cun-ed hnea approached the ziucous 
side, they were crossed and split by lacoinations, although 
veiy distinctly continued. We have thus evidence afforded 
ns of two distinct lines of power along which the particles 
arrange themselves. It was found that the curved lines 
were formed by fine strings of copper. From near the top 
of the zinc plate a band of metallic copper aud ita oside, 
with here and there some Unes of the carbonate of that 
metal, was formed, describing a line inclining from the 
horizontal at an angle of about 40". When it approached 
the copper plate, it was gradually bent back, and formed 
a cm^e towards the bottom of the mass on the zinc side. 
Mr. Robert Pox, who first observed these very curious 
results, says, the general laminated character of the clay 
appears to indicate that a series of voltaic poles are 
produced through it, the symmetrical arrangement of which 
had a corresponding effect on the structure of the mass. 

We may, however, show very atrikiagly the passage of 
metalUc bodies through walls of clay, by a very easy espe- 
rimcnt. Let a decomposing cell be divided by such a 
nail, and piece a metal plate to he gilded in a solution of 
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I common salt on one sidtt of the partition, and the alkaline 
[ solution of gold on tbe other, a plate of gold or a platiuum 
I wire lieing placed in it, and both connected with the bat- 
J tery. The gold will now pass through the wall of clay, 
and be deposited on the plato in the same manner as it 
' would have done had no such obstacle been placed in the 
path of the current. 

The passage of the decompounded principles of any bod; 
through solutions which have a strong chemical affinity for 
them may be esamincd as follows : — Take three wine- 
glasses -. in the first place sulphate of soda, in the second a 
I Bolntionof blue litmus, in the third pure water; place the 
e connected with the positire pole of the battery in the 
I water, and the negative wire in the sulphate of soda ; ma- 
neot the glasses by fibres of cotton dipping into the sola- 
I tions. The sulphuric acid will accumulate at the positive 
pole — to do which it must have passed through the eola- 
tion of Utmus, the most delicate test for the presence of 
n acid, — and yet no change in its colour is produced. If 
'e reverse the order, and employ as delicate a test for the 
presence of an alkah, It will be found that the soda will 
pass through it, and aloug the moistened cotton, without ' 
producing any change. Etbu sulphuric acid can thus be 
passed through ammonia, and this volatile alkali through. 
muriatic acid, without combining, so completely is the 
power of chemical affinity suspended while the elemrait is 
in this transition slate. 

Berzelius has given a very easy method for effecting 
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the decomposition of alkalies by the agency of a voltaio 
current. A coacentTated solution of caustic potaah ie 
poured on some mercury, a little potash remaining undis- 
solved in the solution over the mercury ; the negative wire 
is then connected with the metal, and the positive one 
with the alkaline lye, both being of platinum ; in a very 
short time the mercury will become thicker, and metallic 
crystals of the amalgam of mercury and potassium will 
form. 

A curious amalgam of ammonia may be produced in the 
same manner, by employing a strong solution of sal am- 
moniac instead of potash. After a very short action the 
mercury will begin to swell up, until it at last attains six 
or seven timc9 its origiuol size ; asaumea a brillisnt 
whiteness, and, creeping up the wire, eventually floats in 
the solution. It was the formation of this amalgam which 
led Sir Humphry Davy to think that ammonia, like the 
other alkalies, had a metalhc base. Ammonia is a com- 
pound of hydrogen and nitrogen gases ; therefore, if me- 
tallic, one of these gases must be a metal ; and, from 
the peouliar chemical characters of hydrogen, the proba- 
b3i^ ia that that highly attenuated body may ultimately 
be proved to belong to the metallic class, 

A very pleasing set of experiments, connected with this 
ageacy, are the production of certain coloured images on 
polished plates of piatina, silver, or steel, which have been 
called Nobili's eleciTo-chtmical Jigurei. They are best pro- 
I Irom solutions of the acetate of lead, sulphate of 



f 



280 ELECTBICITT. 



DoppBT, and chlorate of manganese, in the MLowing man- 
Place a polished steel plate in a solutioii of the 
acetate of lead, and upon that a card with a regular pat- 
tern cut out ; a circle of wood should be placed on the 
card, so as to stand a little above it, and a disc of copper 
contact is made with a batteay of three or four 
cells, and maintained for a quarter of an hour, the steel 
being connected with the negative, and the copper 
with the positive, pole of the battery. On reraoviiig the 
Bteel, it will be found that the pattern of the card is re- 
presented on it in the most beautiful manner, every 
prismatic colour being reflected as we hold the steel plale 
at different angles lo the light, by the film of the peroxide 
of lead deposited upon its surface. 

The experiments of Becquerel and Crosse have proved 
that under the iuQucnce of exceedingly neak voltuc 
currents, decompositions of the most remarkable kinds 
may be effected, and the crystallization of tbe metals and 
many of the earths accomplished. In nature, results 
which are referable only to electrical influence obtain. 
In most of our mineral deposits it will be found that a 
remarkable regularity in tbe line of direction prevails, 
many cases the metalliferous deposits in the mineral 
veins are found to have o regularity and order which can 
only be explained on the principle of electro-chemical 
deposit. It is curious, also, that the condition of the 
rocks materially influences the character of the mineral 
deposits, and that the great accumulations, pai-ticnlarly of 
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copper ore, are always found near the junction of the 
granite and of the clay-slate rocks. These rocks are not 
very dissimilar in their ehemical composition, but they 
differ eonsiderably in their physical constitution, and it 
has been found, by rery carefully conducted observations, 
that they always differ in temperature at every depth from 
the surface. This may be sufficient to produce th^rmo- 
electrie carreiits, to the phenomena of which attention 
must now be directed. 

If one end of a long bar of iron is made hot ina spirit- 
lamp or a fire, and the other end la kept cold by the 
application of water or ice, the equiiibriam of the bar is 
disturbed and electric progression established. If mires 
are cocDccted with each end of the bar, and the circnit 
made up through a galvanometer, the defieciion of the 
needle will prove the circulation of electricity. When two 
metals, having different conducting powers of heat, are 
united, and warmed at the united end, the current is more 
powerful. The most active thermo-electric combination is, 
however, that of the more ciystalline metals, bismuth and 
antimony. The following table exhibits the relation of 
several metals to each other, in reference to their power 
of being thermo-electrically excited ; — 

Positive. -^ Bismuti. 
Platinum. 
Matcury, 
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NegBtive. Antimony. 



1 



Those metals which are most remote from etA. i 
being the most suitable combiuationH for produ 
thermo-electricity. 

Seebeck, of Berlin, first noticed these enrtentB genei 
by heat, and they have since been rery eKtenaiyely shi 
by Professor Gumming, the late Mr. Sturgeon, Mr. 
deaus, and others. The result of their investigai 
has been to prove that an unequal application dt 
^ves rise to electrical disturbance. A veiy pretty es 
ment, showing the excitation of electric currents by 
has been devised by Profeaaor Gumming. A pie 
ct^per wire is bent into the form 
a a (Fig. 165), and its two ex- 
tremities connected by a piece of 
thin platinum wire, p; if the 
flame of a spirit-lamp is applied 
to one of the junctures, and a 
magnet, «, is held near one of 
the vertical arms, attraction and 



repulsion will be detected, accord- Fig. if 

isg to the direction of the current. Bismuth and anti 
are the most powerful thermo -electrics ( if two smal 
are tied together at one end, the others being sepi 
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about an inch, and connected by wires with a galvanometer, 
the smalieat increment of heat can be detected. By 
holding auch a pair between the finger and thumb, 
every variation of temperature which takea place in the 
body may be measured. By a combination of these 
metala soldered together in pairs, a Ihervio-ekctric mul- 
UpUer is formed, which exceeds in deUoacy every other 
kind of iustrument devised for meaBuring thermic ac- 
tion: with such an instrument the discovery of the pola- 
rization of heat was made. By thermo-electric eurrenta, 
although these are of low tension, chemical decompo- 
sition has been effected, magnetism produced, physio- 
lo^cal effects shown, and the electric spark evolved ; 
proving, therefore, their identity witii the other forms of 
electricity. 

Dr. Andrews has shown that platinum wires, con- 
nected with salts in a state of fusion, generate electric 
cnrrents of this character. Indeed, it appears impossible 
to change the temperature of any body without exciting 
Electricity. 

Mahnetism is, perhaps, the most remarkable of the 
modifications of electricity, and, connected as it is with 
great terrestrial phenomena, of the highest interest. 

At Magnesia, in Lydia, the native loadstone was first 
discovered, and hence called fioynj? (viagnei), which we 
may regard as the origin of our modern name — the 
magnet. 
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Maguetio iron — loadstone — ia found in all parts of 
the world. It is aa ore of iron, containing 73 parts of the 
metal and 27 of osygen, nsuaUy combined in two states 
of oxidation, the black and the red. If a piece of this 
stone ia freely suspended by a thread, and left free to take 
its own position, it will arrange itself so that its ei- 
tremities point towards tbe north and south poles of tlie 
earth, and those ends will be found to be attractive to 
light pieces of iron, which become themselves niagnetic 
by contact. 

This property of communicating magnetic power enables 
us to charge bars of iron or steel, and thus greatly in- 
crease the force, which is comparatively weak in the 
natural stones. Yet they have been found of considerable 
power. Sir Isaac Newton wore a small loadstone set in 
B ring, which is said to Lave been capable of lifting 74S 
grains, or 350 times its own weight ; and Cavallo informs 
OS that he saw a natural magnet, which weighed &\ grains, 
which lifted SOD grains. It is usual to mount loadstones 
in a frame of iron, by which a more decided terroinatioa 
is given to its poles, and its attractive power increaaed. 
If a piece of steel is brought into contact with a natmrf, 
magnet, the same qualities — polarity and the power oC 
attracting iron — are imparted to it. 

Tbe laws of this attraction require careful study befon 
the phenomena of magnetism can be appreciated. 

Every piece of soft iron brought near a magnet become^ 
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by induction, itself magnetic, 


The 


following simple 


experiment fully illustrates __ 


==^ 


_,._,_. 


this. A (Fig. 166) is a mag- ~' 




A -^ 


net ; k, a key, is held near one 




^a 


end of it :^wliile in proximity 




kA 


the key is a magnet, and if s, 




ijB 


a nail, is brouglit in contact 




n7 


with it, the attractive force wUl 




rig. iflfi. 


be found sufficient to hold it attaclied ; 


', now, the magnet 


is removed, the naii will faU. 


rhis 


s in principle pre- 


dsely similar to the attraction of 


iron filings by a magnet 1 


wten it is passed over them. Holding 


a bar magnet some 1 


little space above the filings, they 


start 


up and cling to Jt; 1 




ngs they will be found to | 


have arrong d themsel es n em e 


lines 


The e urves are, 1 


however b tt lluatrated by a 


la ger espenment. If J 


over the t o poles 
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m of curved lines 1 


(Pig 167) E e y part le of 
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y Hvtli pole of the particle neareat to it, that south pole 
r attracting the nest and determining its north pole, thus i— 

N_3— N— S— N— 3— N— 8. 
I In this experiment every particle of iron attracts its 
E neighbour, and whea a bar of iron is placed upon > 
, magnet it adds to its power ; — it re-acts on the magnet 
which induces its magnetism, and increases its magnetic 
intensity. This is proved by having a bar of iron placed 
I OD the polea of a natural magnet, when it will be foond 
I to support a larger weight than before ; and it is upon 
the same priuciple tliat we are enabled to add to the 
weight which a magnet will at any time support if it is 
increased slowly and in small quantities. Tlie phenomenon 
of magnetic repulsion h best shown by hanging two hm 
magnets so that their two north or fheir two south poles 
e freely moved. Upon attempting to bring the two 
similar poles together, it will be felt that a force prevents 
this. If two magnets of different strengths are used for 
the experiment, the influence of the more powerful magDet 

I will alter the polarity of the weaker one, and attractiott' 
will ensue. 
Numerous manipulatory processes have been emplc^ed' 
and recommended for rendering iron or steel magnetic. 
Iron, under certain circumstances of position, is rendered 
magnetic by the inductive action of the earth's magnetism. 
Nearly all iroa pabsades, and the vertical bars of win- 
dows, will be found to be magnetic, and similar bars art 
very readily rendered so by artificial methods. 
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It is necessary, before stating those, to describe the 
difference between a body which is in a magnetic condi- 
tion, and one which is not. A non-magnetic bu of iron 
will not attract or gather up iron filin gs, and, if presented 
towards a compaas-needle delicately suapended, it will 
attract it equally with either end. The bar haa aapolartti/. 
If we make it magnetic, it will gather up fine dust of iron, 
and when presented fo a com paaa- needle, it will attract 
it with one end, but repel it with the other. It has 
acquired polarity. 

If a bar of iron, such as a kitchen poker, which has 
been found to he devoid of magnetism, is placed with 
one end on the ground, slightly inclined towards the 
north, and then stnicit one amart blow with a hammer 
upon the upper end, it will acquire polarity, and exhibit 
the attractive and repellent properties of a magnet. 

Soft iron, although it readily receives magnetism, does 
not retain it ; we have, therefore, recourse to steel for the 
construction of permanent magnets. Bars of steel may be 
ntnrated with magnetism, and, under proper circumstances, 
made to retain it for any period. Some of the methods 
\n which this is effected must now be described. 

Mr. CantOtt's process of making magnets without the 
nd of natural loadstones or other artificial magnets, as 
proving a very curious condition of this agency in its 
state of terrestrial magnetism, deserves the first eonaidera- 
tion. He recommends that six bars of soft, and 
hard sl«e! should be taken, the latter being the largest. 
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All the bars aie to be marked at one end ; an old iron poker 
is placed nearly upright, aa iu Fig. 168, and, by means of 
a piece of silk, one of the han 
of soft steel h held against it, 
near the top. With the other 
hand grasp a pair of tonga i 
little beloiv the middle, and, 
keeping them nearly in a th- 
tical line, let the little bar bo 
nibbed with the lower end of 
the tonga from its marked end 
upwards, about ten times oa 
each side. By the slight mole- 
Hg, IBS. cular (iiatorbance thus prodaced 

a has been derived from the earth, and the httie 
bar will be found to have sufficient attractire force to snp- 
port a small piece of iron. When four of the soft bars are 
thus rendered magnetic, the other two must be placed 
little distance from, but parallel to, each other, liaving theii 
marked ends at opposite sides, and connected by two 
pieces of soft iron. The magnetized bars arc placed in 
pairs, and with a small piece of wood between each pairj 
they are rested in the middle of the unmagnetized bar, 
and brought to touch at the top. They are then slid four' 
r five times to and &o the whole length of the bar ; and 
this bar being magnetized, it is changed for another, which 
is treated in a similar manner, and so on until all the bars 
t are duly magnetized ; nith these soft bar magnets the 




1 




ELEQTBICITT. 389 

same process is repeated over tlie hard bars, nMch, re- 
taining their mngnctism permanently, form the aeries we 
require. 

Dnhamel's method of magnetizing steel bars is shown 
inFig.lUS. The 

parallel 

other, and their 

ends are united by 

two pieces of aofl; 

iron, M m Two bundles of steel nireadv magnetized a a 

with all aimUai poles together ari, mclined 4a to the 

bar B, and then separated from each other — this bcmg 

Kpeated se'veral tones on one bai the aime process is 
I idqited on the other unti the t«o bar'' irc aatunted 
I nth magnetism 

JJagnets which are bent into the form shown at 

Figs 170 and 171 are the moat coniLnicat for general 

nse — thej art called /orse s/w mi^peU To prtp-ire 

those a single bar 

bent of the i 

quired ftrm is 

placed aa shown ^ 

IB the uoodcut 

with a piece of 

aofl lion M icross Fr 1 U 

the poles and magnetized according to the method al 

ready described developmg the magnetism m both arms 
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, of the bar, by repeatedly passing along them the pM- 

: manent bar magnets. The method of placing a smBll 

I piece of soft iron between the two bars, 

[ SB recommendiitl by Epiuua, is sometimes 

I adopted. Whea a number of these Irars 
are magnetized, they are bound together, 
and thus form a compound horse-shoe 
magnet of considerable power (Fig. 171). 
The process employed by Dr. Knight, 
for forming artificial magnets of an iron 
paste, as we learn from a communication 
Ic to the Roynl Society by Mr. 
ijamin Wilson, after Dr. Knigbfs l^E- "l- 
death, was as follows : — Metallic iron, in the lineat state 
of division to which it could be brought by mechaniiai 
ins, was made into a paste with drying Unseed oil. 
and, hBTing been moulded into the required form, baked st 
n low temperature, and then magnetized. The power of 
these bars is stated to bare been very remarkable. 

1 instructive experiment to place in a glass tube, opea 
at both ends, fine steel-filings, so packing them that tli^ 
may retain their positions without any covering at tlie 
ends. Such arrangements may be magnetized by passing' 
a powerful magnet up and dorni on the outside of the glan-' 
In this example, as in the case of Knight's magnets, eterj 
particle of the powder becomes a small magnet, and the 
accumulated power of the whole acts from the eslremitiea, 
which are in opposite states of polarity. Similar condi- 
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f of course, supposed to prevail in solid steel 
i h is to the differences in tte molecular srrange- 
he metallic particlesj that we must refer the varia- 
power of absorbing and retaining magnetism 
detent kinds of steel are found to exhibit. 
Oresby, who has devoted much of his attention 
henomena of magnetic induction, recommends 
tod of Dr. Gowan Knight for magnetizing the 
rand plates, which he considers superior to thick 
■rompound magnets. Two bar magnets of the 
power are placed in a straight line, with their 
poles near each other. Upon these, the bar to 
letized is laid, and the magnets drawn asunder 
ite directions, until the bar reats with its two 
tas upon the ends of the magnets. It is allowed 
II for a short time in this position, then slid 
[(js, and turned over, so that another side rests 
BBgneta, taking care to maintain the same direc- 
ts poles. 

iting or sustaining power of magnets varies very 
t; the most powerful, however, are those which 
w been made by Logeraan, of Haerlem, after a pro- 
vet published, devised by Ellas : these are capable 
ling twenty-aix times their own weight. It ie 
ue but the process by which these magnets are 
rolvea the use of the voltaic battery. I have found 
L bars brought to a tempering heat, and placed in a 
popper wire connected with a voltaic batteiy, and 
u2 
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then plonged into cold water, or, still better, into a aoln- 
tion of the yellow prussiate of potash, become moat 
powerfully magnetic. This mode of inducing magnetium 
le more fully described when we come to the coa- 
eideration of eleciro-magnetieTn. 

In all magnetic arrangements, the lawg deduced bj 
Hanstcen appear to be correct eipreasions of the faots 



1. The attractive and repulsive force with which two 
magnetic particles affect esch other, is always directly 
their intensities, and inversely as the squares of theii 
mutual distances. 

2. The absolute intensity of any magnetic particle, 
MtuDted in the oiis, is proportiocal to the si^uare of iU 
diatonce from the niiddie point of tlie axis. 

3. The distiuice from the middle of a magnet being the 
same, the force opposite the poles, or in the direction of 

.is, ia double of the force in the magnetic equator. 
In all cases the south pole of a magnet will be found 
. to be weaker than the north pole. 

A few examples of experiments which can be rendilj 
repeated, will most sufRciently place the general pheno- 
mena of magnetism fairly under consideration. 
We take a magnetized bar, and break it in si 
' pieces ; every piece will be found to be a magnet, and 
those ends north and south, which tended towards tlie 
I north and south extremities of the original bar. By this 
we prove the equal distribution of the force ulong the 
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bar ; the only variation which can occur, being that 
which may arise from any unequal density of the maaa of 
the metal. 

If the weight which any magnetized har will sustain 
is accurately ascertained, and then another har be fully 
magnetized with this one, it will be found, that, although 
the second bar has acquired a considerable degree of mag- 
netism, the original bar has lost none of its sustaining 
power. The only rational deduction which we can make 
is, that one magnet has been the channel through which 
the electrical influences that determine a magnetic con- 
dition pass to and magnetize a steel bar. 

If a magnet is loaded with the fail weight which it 
will support, and this be suddenly broken off, it will be 
found that the magnet has lost very mnch of its power. 
But if we attach a small weight to it, and then gradually 
increase it, wc may restore the original power. 

If we hang at the end of a bar magnet a weight which 
is nearly as much as it wiB support, and then bring 
another magnet near to the end to which the weigiit is 
attached, it will fall off, The attractive force has been 
interfered with by the second magnet ; probably the dis- 
turbance has induced opposite polarity in the particles 
nearest to the second bar. 
. Supposing any number of bars of steel are magnetized 

\ to saturation, and that each of them separately sustain a 
^^ TOght which is represented by 10, it will be found, upon 
^KgjAuig any number of thctn in a bundle, that the 
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force will not be a mnltiple of the weight supported by 
each bar. 

Coulomb determined the difference by his toraioB 
balance ; the result given by him being 

1 Mognet 

2 Mogneti QQited 

4 Magnets united 
6 MagnetB united 

5 Magnets united 

We are led to believe that when two north poles 
are placed together, a re-arrangement of polarities takea 
place i and that hence the loss of power resulting ftom 
combination. It has been found that the outer magnets 
of a bundle are more powerfully magnetic than those 
within ; that n single magnet of the same mass and 
weight as a compound one, is capable of receiving newly 
as much magnetism. From this it may be inferred thai 
the magnetic force, or principle, has a tendency to arrangs 
itself mainly over the surfaces of bodies. 

These facts, and the constant appearance of disairailsr 
poles, have led to the adoption of a theory of the eiiat- 
ence of two kinds of magnetism ; this, however, ia pre- 
cisely the same as the positive and negative of eleotri- 
cians, and it is believed all similar phenomena may be 
eiplained by the assumption of one kind only, the 
apparent difference being merely a difference in the 
direction of the action of the force. 

That magnetic polarities may be induced along certain 
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ines on ateel platea, ia shown by tlie pleasing experiments 
a. Haldat. If we take a steel plate, and with the north 
lole of a bar magnet trace any fignres, south polarity 
rill be induced along those lines. If, now, steel filings 
re shaken upon the plate, they will arrange themselves 
a the empty spaces between the lines which have been 
raced by the magnet; the figures being represented by 
he uncovered steel. These figures will remain for many 
lontha upon these plates; but if the steel is heated, it 
Tadually loses its magnetism, and retnms to its original 
tate. M. Haldat renders them permanent by covering 
he steel with a varnish, after the figures have been traced 
ly the magnet, and before the iron fiHngs are dusted on 
t. If carefully sifted, they arrange themselves in the 
isual manner, and as the varnish hardens they are in- 
olved Bad retained in their positions in the indurated 
[lasa. 

There are but a few metals which have the magnetic 
haracter of iron. Cavallo was the earhest esperimraitalist 
rho appears to have directed attention to this esamination ; 
Jiot, Becijuerel, Sturgeon, and others, have continued 
he investigation. Faraday's researches are by far the 
nost perfect ; he has determined that all the following 
lodiea have a magnetic character : that is, that they are 
msceptible of receiving the same kind of polarity as iron, 
]nt none of them to the same degree. In this list they 
ire arranged according to their disposition to receive 
Htic influence. 
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Iran. 




Cerium. 


Nickel. 




Titanium. 


CobiJt. 




Psllndiimi. 


■ Ma^ganes 




Plntkcaii. 



Chroniium. Osdiiuro. 

Neither copper nor zinc occur in this liat, but their com- 
pound, brass, was found by Cavailo, under certain con- 
■ ditiona, to be magnetic. This eiaracter ia most remarVnblj 
shown when the brass has been hardened by hammering. 
Delicate magnetic ueedlea are sometimes influenced by the 
magnetism of the brass case in which they are mounted j 
therefore our most intelligent instrument-makers rgect 
hammered brass in all delicate instruments, and use sa& 
only which has been carefully cast. Sturgeon thought he had 
detected magnetism in some other metallic compounds, thi 
separate elements of which were not magnetic. On thB 
contrary, it appears that antimony lessens the polarity of 
1, and that arsenic destroys the magnetism of nickel. 
Since 1802, numerous experiments have been, made fi»' 
the purpose of determining if there waa any truth in I 
theory advanced by Cavallo, that all bodies in nature weB 
ptible of magnetic influence. By a oarefd exami- 
nation of all that has been done aioce that period, bj' 
Coulomb, Biot, Sage, Gruyton, Haiiy, Becquerel, and others, 
. the inevitable conviction has been, that aithough indi* 
cationa of a new form of magnetic force have been ocoa- 
I sionally obtained, no clear views of the phenomena havfl 
leen obtained by any of these csperimentaliats. 
To Faraday is undoubtedly due the development of 
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that magnetic condition which is now known as dia-mag- 
netUia. This term meana no more than this ; — All bodiesj 
such aa glass, which allow magnctiam to permeate them 
freely, are called dia-magaetic — from dia, a way, — and 
hence, all the bodies in. nature are now grouped under the 
two classes of mao^netic and dia-magnetic. That a clear 
impression may be made on the mind, as to the difference 
between these conditions, it is necessary to explain them 
somewhat minutely. If a bar of iron is suspended, free 
to move in any direction, betweea 
thepoles,x,s,ofaniagnet(I'ig.l7S), A^^^^ 
the bar will arrange itself along a line ^^ ^^ 

trhich will unite the two poles: it Kg. 173. 

places itself in the andal line, or along the liae qf force. 
Such is the condition of a magnetic body. If a substance 
of the dia-magnetie class is placed in the same situation, — 
ea, for example, a bar of bismuth, — 
between the poles n, s (Fig, 173), it ^^ I ^^ 
placeaitself across,orat rightangles to, ^^ I ^^ 
the axial line. The magnetic body is ^ 

attracted by each pole, but the dia- ^8- l^a. 

magnetic body is equally repelled by either pole. Mag- 
netism may be regarded as an attractive force, dia-mag- 
netism as a repelling one. By referring to Fig. 167, and 
contrasting it with Eig. 174, on the next page, the 
difference between these two modes of force will be under- 
stood. The curves formed by dust or filings of a magnetic 
bntfaiMB a from one pole to the other; those, on the con- 
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Pig. 171. 

I bend from the polca, — they are repelled in every direction. 
I AmoDg the dia-magnetic metals, the most remarkable arc 
I the followiog, which have bi 
I Faraday in the order of their i 

Bismati. 

Antimony. 

Zinc. 

Tin. 



itensity. 

Silver. 
Cupper. 



Sodinm. Rhodiiun. 

Mermiy. Iridiam. 

Lead. Tuugsten. 

To this list maybe added most rocks which are not fer- 

ru^ons, and by far the ki^est nomber of substance) 

I belonging to the vegetable and animal kingdoms. 
These forms of electricity — for every esperiraent appean 
to determine them to be so — may be regarded as the great 
agents at work in nature, determining the" structure 
arrangement of mosses. The influence of voltaic electrioi^, 
when acting upon clays, he., has been already mentioned 
an esteuaive series of experiments, of another character, 
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!ir to prove tbat particles of matter free to move a 

nsly iafluenced by magnetism, obeying one of those I 

Itions which have been juat described. 

le result of two experiments will sufficiently illnstrate \ 
Fig. 175 represents an electro-magnet (a form of I 

let to be described more fully in a future page), sO' I 

d that a glass plate may be lEiid upon its poles. 

ig of was;, or plaster, being 

d around the { 

H'ed capable of holding 

i. Such being the dispo- 

1 of tilings, and the electro- 

let being rendered power- 
magnetic, a warm mA 

y saturated solution of the 

isulphate of iron was 

sd into the dish. Upon 

ag, the salt crystaUii 

s in true magne- 

■der.Fig.lVSisa 

from a plate upon 

h. crystals had 

farmed. Along 

xial line between _^_^_^___^ 

wo poles they had ^^ ~ "^D^ 

sd abundantly, Fig. I76. 

the crystals also arranged themselves in two well- , 

id lines extending in curves from one pole towards ' 
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the other; and beyond these, seTcral other lines, having 
atUl It currilinear character, were to be detected. 

Crystals of sulphate of iron, forming under ordinary dr- 
cumstances, unite by their faces; but whec the crystal- 
lization takes place within the influence of magnetiam, 
they unite in a different manaer. Sulphate of iron crys- 
iellizes in oblong rhombic prisms, and when forming 
in the eipcriment just ilescribed, they arrange themselves, 
with regard to each other, so that the acute nngle of 

13 crystal unites with one of the faces near to, h 
never actually at, the obtuse angle of another. This 
shown, in the larger pairs of crystals beneath the i 
rangement on the plaf e, in the last woodcut. If the ciys- 
tallization is very rapid, this kind of arrangement does not 
oocnr, the mechanical force of crystallizntion is sufficient to 
overcome even the magnetic powef ; but if the crystals form 
alowly, the lines of magnetic force are well defined- 

r the crystallization of any substance of a dia-magnetic 
character is allowed to take place under similar conditions. 



a very different teaidt 
I the following character 

^^L readily determines this. 
^^V Pour upon the glass 
^^B plate a solution of m- 
^^Htrate of silver, and care- 
^^Hf ally placeover each pole, 
^Hk, b, a globule of mer- 
^^■«iiry, The result of this 
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J3mM(S, or silver tree ; and under ordinary circumstaiiMs 
Lbe ciyataUization of the silver wiU commence in coa- 
iiectiott with the globules of mercury. Under magnetic 
iofluettco the effect shown in Fig. 177 is produced. The 
globule of mercury — this metal being itself dia-inagnetio — 
is spread out over the poles ; and two singular curves, first 
forming at some distance from the poles, a series of fine 
lines of crjstallized metallic silver, sboot off nearly at 
right angles to those lines, which are those of magnetic 
attraction. 

Vrata. these results, and the numerous experiments of 
Faraday, Pltidcer, and others, it appears to be proved 
beyond all doubt, that magnetism is universal, — that every 
fonn of matter ia susceptible of one or the other magnetic 
condition. The nnmber which are magnetic, as iron k, arc 
eieeedingly few ; those which belong to the dia-magnetic, 
or bimiuth-Uke class, are most extensive. 

It has been found, that if a polarized ray of light ia 
passed along a piece of dense glass, so placed, that it can 
be brought under magnetic infiacnce without being dis- 
turbed, the ray is deSected, or bent out of its true path, 
by magnetism. It was therefore inferred that light was 
influenced by magnetism ; but it appears that the effect is 
doe to molecular alteration in the medium through which 
the light passes. Through dense glass, the effect is decided ; 
through pure water, the deflection is very trifling, but it ia 
increased when salts are dissolved in it ; and when the ex- 
periment is tried with air, no effect is produced. A me- 
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dium is Decesaary : the more dense, tlie greater is the de- 
flection produced by magnetism j tterefore the bending 
of the ray is due to the medium, aad not to the magnetism 
acting directly on the line of light. 

It has long been known that powerful electric die- 
charges would affect the magnetic needle ; Beccara, 
Franklin, Wilson, and others, having studied some of 
these phenomena; but the only determination to which 
they came, was, that electricity acted upon the needle as a 
mere mechanical force, In 1820 Professor CErated, of 
Copenhagen, discorered that a current of electricity ai- 
cdating along o wire produced a deviation of a magnetii: 
needle. Thus was opened up a new branch of acienrt, 
which lias been productiTe of the most important results, 
adding many new tniths to our store, enabling ua to pene- 
trate still further into the mysteries of nature, and add to 
the conveniences of life. Tf a copper wire is bent into the 
form of a square, but with the two ends open, and we 
plunge these two extremities into a mercury cup connected 
with a galvanic battery, and so place it that the planes of 
the square are coincident with the 
planes of the magnetic metidian, s 
current will circulate along the wire 
from a to c, from c to d horizontaUji 
and descend to e and 6. If the bBtteTy 
L is not in action, or if the connection is 

Pig, 178. imperfect, and a magnetic needle held 

above the wire c d, it will remain parallel with the wire; 
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I bat the moment a current circulates, the needle wfll move, 
I and deviate to the east and west of the magnetic meridian ; 
the direction of the magnetic poles being altered when the 
line of the current is changed. Such was the original 
experiment of (Ersted ; hut a bar of magnetic steel, being 
tnng over a wire along which a voltaic current is passing, 
is always deflected at an angle to that current, the amount 
of deflection being regulated by the force of the current, 
^e following rule has been given by Ampere, for aseer- 
tainiug at all times what will be the direction of the devi- 
atiou: — Let any one suppose himself to he lying on the 
wire, so that the positive current ehaU enter at his feet 
and pass out at his head, and, looking at the needle, its 
north pole will move towards the right hand; if the 
direction of the current is altered, the north pole will 
deviate to the left. 

If, wliile a current is circulating along a copper wire, 
some steel-filings are brought near it, they will be attracted 
by it, and cling to the wire as to a magnet ; if the cur- 
rent is interrupted, they will immediately fall off. This 
ia a simple but convincing proof of the magnetic cha- 
racter of the electric current. 

From the discovery of this deviation of a magnet across 
Uie Une of an electric current, Sehweigger constructed the 
gabwiometer, or measurer of electric currents. The ga!- 
wnometer is of very simple arrangement. If a consider- 
able length of copper wire, clothed with silk or varnished, 
ISund the hand, and the hand be then drawn. 
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out, we shail have the lines of wire on the top and botton 
lying parallel to each other, and if connected by its endi 
with a battery, the current would circolate throngh it ; I 
one direction in the lower, and in another direction i 
the tipper port of the coil. Kow here, instead of moviiq 
along one length of wire, the curreat circulates along i 
hundred lengths, and we have a hundred times ( 
intensity; consequently, a magnetic needle is more teadil| 
moved hy a weak voltaic action. 

Nohili's galvanometer is the most perfect, and, howe? 
modified, is stilt the form of instrument nsually eniplpyd 
in delicate investigations. It will be understood that in ever 
multiplier of this sort, two forces are in action — the foro 
of the earth's magnetism, holding the magnet in the polm 
direction, and the force of the current in the wires, acting 
in opposition to this ; therefore, unless the latter 
powerful than the former, the magnetic needle is not moved; 
In Nobili's instrument the directive power of the eordi il 
annulled, this being effected by the aalatic needle, or a c( 
pound needle with its poles, a 
CFig.179), reversed. Oneof tl 
needles is suspended so as to hang 
between the cod of wire, and t1 
>ther just above it; consequently, 
IS the influence of the earth is sl-< 
nost entirely removed, and the 
force of the current in the twoi 
parts of the coil is equally acting; 
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on the needles, the sensibility of the galvanometer is greatly 

increaBed, This will be readily understood by referenee to 

Fig. 180, in which a galvanometer is shown in section, a 

13 a brass rod firmly fised to a base of 

mahogany b ; from the rod is suspended 

lie astatic needle e, by a fibre of un- 

spun silk ; securely attached to the base 

is the coil of covered copper wire d, 

the two ends han^ng free to be c< 

netted with any substances under e; 

mination, or soldered to two brass cups f^ 

let into the mahogany base, and filled ^ 

with mercury, through which the con- Fig. 180. 

nectiODS can be leadJJy mode. 

Purther proof of the magnetic action of the voltaic cur- 
rent is afforded by twisting a copper wire spirally around 
a glass tube, and placing within it a. sewing needle. By 
connecting the wire with a battery, and allowing the 
current to traverse the wire for a minute, the needle will 
be rendered permanently magnetic. 

If we twist a considerable length of clothed copper 
wire around a bar of soft iren, which has no attractive 
power, and then connect the wires, so that the circuit with 
the battery is made up by the distorbance circulating along 
the convolutions, the bar of iron will become most power- 
fully magnetic. In this way arc constructed the most 
active electro'magneia. One having the horse-shoe form is 
ahowQ in a former figure. With magnets of this kind. 
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remove, at pleaaure, all magnetic inflacntic 
from Buy substance which may be submitted to its action; 
eitice, themomentconnectionisbroken with the batter), tk 
curreat ceases to traverse the wires, aud all magnetic attrai> 
tion terminates. Electro -magnets have been constnictd 
capable of sustaining many tons, and, from the enonaODS 
power tbus obtained, it has been thought practicable by 
many to apply it for the purpose of moving machineiy, 

Having instituted a veiy extensive aeries of experimenta, 
vrith a view of determiuing the question of the appUcs- 
bility of electro-magnetism as a motive power, I embrace 
a sidbU portion of space to point out the difficulties, if : 
impossibilities, which appear to prevent its use witbin liie 
limits of a reasonable economy. 

In the first place, the rate at which the power diminishes 
through space prevents our obtaining the full force of the 
This is shown in the following table ; — 

t with thp armnturc in contact sopporia 2E0 j 



No machine could be constructed, in which the movitM 
parts could be brought nearer together than the ^ 
ach, this distance being required to meet the expanaioa 
of the iron, yet the power lost ia enormous. 

The beat form of magnetic engine which has yet been 
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Ctmstructed, is that in which a certain number of electro- 

magnets have been set upon the periphery of a wheel, and 

mother similar set upon a frame surroundi 

"Hh an adjustment by which the direction of the current, 

■nd consequently the poles of the magnets 

plarly changed ; for the point at which the current enter- 

lecDmes a north pole, and the point of its exit a south polt 

Others have been designed, in which one electro-magnet 

ku been made to work in a cylinder, which 

So-magnetic ; and Page's celebrated American machine 

^ears to be constructed on the principle of drawing a 

CKG of iron, a b, into a helix of 

(opper (Fig. 181). By the recipro- 

Mting action of these piston-Jjlte 

Iwiporary magnets, a considerable 

ntent of motion is obtained. 

The second greatest difficulty to 
lietivereome is, that, notwithstand- 
ing the loss of power with distance, 
» Mill greater loss takes place with " 
notion. The moment any mag- 
mKb body is moved in front of either 
datro-magnet, it loses power, and this loss mereases very 
i^idly with the increase of velocity. This obstacle 
•topped the progress of the very extensive researches of 
Jitobi, after he had expended upwards of £30,000, 
him for his experiments by the hherality of the 
Government ; and in the report made on Professor 
X 3 
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Page's engine, we lind that with increase of speed iu 
horse-power is constantly diminishing. By the most 
careful caJculatioDS deduced from my experiment! 
from the results obtEiined by others, I have determined 
that the economic dill'erence between a steam and ui 
eiectro-maguetic engine is as follows : — 

A groin uf cotda burnt id the boiler of a Cor- 

niih engine, liilcd .... 1131bs. one foot ^L, 
A gnin o( ode conaomed in a batteiy to moTe 

in eleotro-magiietic engine, lifted but . SOU 
The cost nf cooli it per cvt. not more than iii. 
Thecostofiincpercwt. is above . . 31flrf. 



] 



gine,! 
31 be! 
oved 1, 

Vlfl 



Therefore the cost of working an electro -magnetic engiae, 
to do an equal amount of duty to a steam engine, will 
more than fifty times greater than it, both being moved 
with the utmost regard to economy. 

An important application of the magnetization of soft 
iron, has, however, been made in the electric telegraph, 
which is, at once, the most valuable boon of science to the 
necessities of life, and the most complete ilinstratiou of &t 
necessity of cultivating abstract science. 

Having already described the galvanometer, 
to that instrument will reader the principle of the electiit 
telegraph easily intelligible. Supposing the terminal 
of the galvanometer, as shown in Pig. 180, to be 
miles in length — we will suppose them to extend from Lon- 
don to Liverpool; — connection is made with the voltaio 
battery in London, the galvanometer being at Ltverpoi^ 



and the needles are deflected, N. being to the right hand 
of the observer: if the connection is broken, the needle 
returns to its zero ; and if again the wires are connected, 
but so that the current may pass in an opposite direction, 
the needle will deriate, bat N. will now be to the ob- 
Berver'B leil hand, Numerous mechanical contriyances 
have been introduced, many of them of the utmost value 
in practice, but which it would be out of place to describe 
in this work. In some arrangements the signals are im- 
parted by means of an electro-magnet, which attracts and 
repels an armature, the motion of which is communicated 
to a toothed wheel, moving the indes-needle from letter 
to letter on the dial. 

TraFeUing by railway, we see a number of wires fixed 
on poles, by bGiog passed through pecuharly shaped stone- 
ware cylinders ; these are for the purpose of ensuring the 
perfect insulation of the wires, since, but for this, the 
electricity woidd pass down a damp pole to the earth, and 
the power of communication be lost. Pormerly, one wire 
conveyed the current from the battery, on one side, to the 
galvanometer at a distance, through which it passed, and 
then returned by another wire back to the battery. In 
1SS7, Steinheil showed that the returning half of the 
wire might be dispensed with, and that the earth itself 
would perform the function of the wire. All that is 
necessary is, that one short wire from the voltaic battery 
at one end of a line, and from the galvanometer at the 
other, should be sunk into the moist earth, and there con- 
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nected with a masa of conducting metal, from which tlie 
electricity passes to complete the necessary closed drcuit. 
The earth ia a reaerroir of electricity : it is disturbed 
at Liverpool by the excitement of the voltaic influence, 
aod its pulsDtiotis are communicated at once to London, 
The idea of any principle passing alonff the telegropli 
wires must he discarded. A current, as something flow- 
ing, conveys a false idea ; hut we have no other term to 
express electrical progression. Suppose the telegraph 
wire to be a tuhe filled with water, and that one dn^ 
more is forced into it at Liverpool, one drop will of 
fall out in London : something analogous to this 
with electricity. In the esperimeots of Breguet, on the 
railwHy between Paris and Kouen, it was determined tlut 
the resistance in a circuit of forty miles of wire and forty 
miles of earth was one-half through the earth to what it 
was through the wire. Printing telegraphs are con- 
structed upon the principle of causing the electricity W 
effect chemical decomposition, instead of move a needlai 
Many compounds are very readily decomposed by voltaio: 
electricity ; therefore, a piece of paper is covered with suck 
a composition, and when touched with the wire, the de-i 
composition is effected. Paper covered with a mixture of 
iodide of potassium and starch is sometimes employedi 
the electricity decomposes the aait, and a purple iodide of 
starch ia formed, and the letter or sign is printed in thia 
new comhination. In other cases paper is saturated with. 
the ferro-pruaaiate of potash, and kept moist; the ter-" 
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minal wire being of iron, proas ian-blue is formed over 
eyery point when coutat't is completed. 

Eleetro-dynamict exhibit many very curious influenoeB, 
as eierted by electricity in motion — Currenla. Wires, 
if free to move, exhibit these in a vtry iutereating manner. 
Tiey altract each oiier when the currenU are moving in the 
same direction, and repel each other when tnoeiiig in oppo- 
tiie direeliona. The action of currents 
moving in the same direction is shown in 
Eoget'8 electrical spiral (Fig. 132). A 
loose coil of thin copper wire is suspended 
from a metnUic pillar ; the lower end just I 
touches the surface of some mercury in a Pig. 18S. 
cup fixed in tbe stand, and which communicates with one 
pole of a battery, the metal stand being connected with 
tte other. When the current is eatoblishcd along the 
wire, it will vibrate rapidly in a longitudinal direction, 
1 the coils approach each other, by which connection is 
weight of the wire causes it to descend, and, 
g tbe mercury, the current is again restored. 
3 conducting electricity are placed over the poles 
\ magnet, the wires being at the same time free to 
\ tha tangential force of the magnet and of the elec- 
r transversing tbe wires sets tbem in motion, and 
^rotate about tbe poles. In a similar manner a move- 
b magnet may be made to rotate around wires carrying 
irelectrical current. A large variety of apparatus is con- 
structed for producing these rotations, and in many of 
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them tte reciprocal actions of gakanic currenU upon each 
these currents on magnets, and of magnets on 
these currenta, are ven,- ingeniously shown. 

The influence of terrestrial magnetism on weak elec- 
tric currents is proved by a very simple piece of apparatus. 
A copper wire (Fig. 183) bent into a 
drcular shape, with its two ends passed 
through a cork, and a small piece of zinc, 
and another of copper, c, attached 
to them, is placed upon a vessel of 
water. The small amount of chemical 
action set up on the zinc plate deve- 
lopes an electrical current, which tra- 
verses the wire towards the copper 
plate, which immediately takes a polar Fig. 1S3, 

direction, and if the wire is placed E, and W., it wil 
return to its position N. and S, 

Ampere has propounded a theory of magnetism from, 
consideration of the phenomena which have been de- 
scribed, and which, indeed, esplains a greater number of 
facts than any other. According to the hypothesis of 
Ampere, every molecule of a magnet is supposed 
roTinded with an atmosphere of electricity, which 
stantly circulating around it, the difference between a 

I a mere bar of iron being, that the electricity 
which esists equally in the iron, is at rest, whereas in the 

J in motion. Tlie production of a magnet, ac- 
cording to this view, is beat illustrated by taking two 
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cylmders and tracing around them imaginary lines, nm- 
Tiing contrary ways, as showing the direction of the elec- 
trical cnrrent : — the magnetic force being exerted at right 
angles to these lines, we have, if we place them hefore us, 
two opposite poles towards us ; the current running in 
one direction producing a north pole, that passing along 
the opposite line giving rise to a south pole. 

Few, among the numerous discoveries of Faraday, are 
of more scientific importance than that of electro-dynamic 
htduct'wn. The facts of this discovery may be briefly 
stated. If, when an electric current is traversing a wire, 
a second wire is held parallel tt it n current is excited in 
the second wire, in an opposite direction to the primary 
cuireat. This current is but instaataneQus, — it shows 
itself when the primary current is, in any way, inter- 
rupted; every time contact is made or broken, these se- 
condary currents re-appear. Whenever a magnet is moved 
in the neighbourhood of a conducting wire, these currents 
are also induced. 

These effects may be easily exhibited. Coil around a 
wooden cylinder ten or twelve feet of copper wire, covered 
with cotton or silk, leaving its two ends projecting. Over 
this wind another and longer piece of covered wire, — say 
fifty feet, — and connect this with a galvanometer. A cur- 
rent is made to traverse the inner coil of wire, by connect- 
ing it with a battery, and every time contact is macJe or 
broken, a deflection by the induced current takes place in 
the needles of the instrument. 
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If a bundle of wire is coiled as in Pig. 181, and the 

I two ends are connected with a galvanometer, that instm- 
I ment will indicate the disturbance due to an electric cu^ 
I rent, every time a magnetic bar is passed into the coil, or 
I withdrawn trom it. 

Without involving the question by any fiirther state- 
I ment of these curions phenomena, these two illustrotionB 
I of the elementary esperiments will enable any reflecting 
Lmind to satisfy itself of the identity of magnetism witb 
I (ffdinary electricity. It has now been shown that a copper 

re, traversed by an electric current, or electrically ex- 
I cited, exerts, laterally, a magnetic force. It has also been 
explained that two copper wires, in this electrical state, 
9 if they were magnets towards each other ; and while 
I a current traverses such a wire twisted around a 
I bar, that bar becomes a magnet ; and, again, a magnet 
I moved near a coi! of cop- 
c, produces in it an 
I electrical current, by in- 
\ dnction. 

The knowledge of tbcae 
I fiicts has led to the con- 
I Btructiou of machines by 
I which electricity is at once 
I obtained from permanent 
I magnets. The magneto- 
[.electrical machine is shown ^ 
Jin Fig- 184. A compound 
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horse-shoe magoet, consisting of several perraaneotly 
magnetic steel bars, is bolted to a mahogany stand, 
arranged in such a manner, that two colls, a, b, of fine 
copper wire, clothed with silk, with cores of soft iron, 
may be fixed on a bar of iron, wliicli is mounted on 
an axis, and connected by a band with a multiplying 
wheel, shown in the hinder part of the woodcut ; the 
ends of the wire in theae coils are kept pressed, by means 
of springs, against a good conducting metal plate. The 
irou on which the coils of copper wire are placed acts as 
the armature of the magnet ; consequently, when these 
are at rest and opposite the poles, the iron becomes, by 
iudnction, magnetic ; when moved from the poles, this 
eeaaes; so that, in moring thorn round in front of the 
compound magnet, then' polarities are constantly changed, 
and magnetism regularly induced and annihilated. Every 
time these changes take place, a current of electricity 
passes through the wire, and, by turning this armature 
Tery rapidly, a succession of brilliant sparks are produced. 
By connecting a small piece of platinum wire in the circuit, ^- 
it is rapidly rendered white-hot. 3)y conveying con- 
nectii^ wires from the magneto-electric machine into 
addolated water, its decomposition is effected ; and many 
chemical compounds may, in like manner, be resolved into 
their ultimate constituents : machines, indeed, of this 
kind are used for eleetro-plating in Birmingham. The 
effects on the human system are distressing. If two 
copper discs, connected with the machine, are grasped by 
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I the hands, aligbtly moistened, and the armsture is made 
I io revolve rapidly, the muscles are dosed bo firmly, tkt 
I the cylinders cannot be dropped, and most intolerable 
I oonvulsive shocks are sent through the arms and body. 
I It will readily be perceived, that many different eon- 
I trivsnces might be made, by which the revolution of coils 
1 of copper wire, upon soft iron cores, could be effected ; 
I Hnd some have been devised, in which the use of soft iron 
I has been entirely abandoned. It may, however, be well 
I to state a very simple method by which the apart from a 
I magnet may be obtained. Take a powerful horse-shoe 
I permanent magnet, and place a bar of soft iron upon it, 
I as an armature ; wind about this about fifteen or twenty 
I yards of thin copper ribbon, with pieces of dry paper w 
I one aide, so that the copper convolutions nowhere tondi 
I each other ; the two ends are left loose, one is flattened, 
I and the other, which is to be pointed, la made to spring 
I against the flat surface. Things being thus arranged, one 
I end of tbc bar is lifted from the magnet ; a bright aparii 
I will be immediately visible, in a dark room, between the 
I two ends of the copper ribbon, and the same again upoB 
I replacing the armature on the pole. If the ends of the 
I copper band are connected with s galvanometer, the 
I needle will be deflected every time contact ia made or 
I broken. 

I If a copper disc is so mounted, that it can be made to 
I revolve Tapidly bdaeen the polei of a powerful magnet, 
I and wires adjusted, one to press against the asia, sat 
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another against the circumfeience of the disc, and this 
arrangement is connected with a galvanometer, the needle 
will, by its deflection, indicate a considerable amomit of 
electricity, wbeaeTcr the disc is made to revolve rapidly. 

The discovery of magneto-electric induction afforded 
an explanation of some curious facts, first observed by 
M. Arago, in 1S39. This espcrimentalist, being desirons 
of ascertaining if any influence was exerted on a debcately 
sQspended magnetic needle by any bodies not magnetic, 
Brought near it, foand, that n'hen metallic substances 
were used, they brought a vibrating needle very much 
sooner to rest than when sueh were not employed. The 
experiments were of the following character ; — A small bar 
mt^et was suspended by a piece of imtwisted silk, and 
surrounded by a ring of copper. Tbe bar, being drawn 
aside 45 degrees from the meridian, was allowed to 
vibrate, and the number of vibrations taken between 45° 
and 10°, Tho same being determined when the copper 
ring was removed, it was found that in free space the bar 
performed 420 oscDJatious before it reached an arc of 
10 degrees ; whereas, when surrounded by the copper ring, 
only 14 oscillations were performed before they were thus 
&r reduced, thereby showing the great influeuce of the 
metal. Within a ring of wood the oscillations were re- 
duced from 430 to about 300. (Harris,) 

These results leading to further investigation, it was 
shortly discovered that tbe influences of the metals on a 
itic needle were sufficiently strong to drag it from 
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a state of rest, if they were meide to rotate in its neigh- 
bonrltood. This is not due to any cuirenta of air, since 
it has been shown that under glasa BcreenB, in the beet 
um of an nir-pump, a plate of copper or other metal, 
n rapid movemeiit under a magnetic bar, very 
imparted to it the same speed ; or if tlie magnet 
made to revolve over a lightly suspended metal disc, tlie 
latter soon revolved with the speed of the former. 

The induction of eleetridtj in any metallic bodies 
I moved in the neighbourhood of a magnet folly espla 
I these discoveries of Arngo and Harris. 

Having now described the principal phenomena 

nagnetism, under the different conditions in which 

I science has enabled us to pursue this subtile agent, it 

I becomes necessary to examine some of the phenomena of 

I natural or Terreilrial magnetism. 

Any bar of iron or steel in a magnetic condition is di- 
^cted by some invisible force to point towards the north 
I and south poles of the earth ; that is, to a point about 35' 
I lo the west ofthe true north; this deviation being calied the 
I tmriation of tlif needle. A bar of soft iron suspended snffi- 
I oiently long, will, although it at first points indifferently to 
I any part, gradually become m^tietic, under the influence 
I of this unseen agent, and point as in the former 
I The compass-needle, pointing with undeviating truth to a 
B oertain point on the globe, affords the mariner the means 
kof at all times knowing the direction of his bark amid the 
aat solitudes of ocean, when he could have no other guide. 
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If a bar magnet is freeJy suspcntiud, it not only points 
to the north and south, but it is inclined towards the 
eBtth. This is called the dip of the needls, and in this 
country it amounts to about 70° ffom the horizontal line. 

When a delicately suspended magnet is drawn out of its 
position, and then set free, it will perform a certain 
number of oscillations before it again returns to a state of 
repose. When this observation is made at different places, 
at various seasons, and at dissimdar hours of the day, it 
is found that the number of oscillations vary. This de- 
pends upon the amount of tetrestriiJ magnetic force 
aotiog on the oscillating bar ; and thus we measure the 
intauUi/ of the earth's magnetism, and learn, that there is 
a diurnal and monthly variation, and a variation dependent 
upon latitude. 

In esplaining the variatiou of the ueedlc, it is necessary 
to remember that there are two lines along the surface of 
the globe, where the magnetic needle points to the true 
north. These are, however, exceedingly irregular, showing 
that the powers on which terrestrial magnetism depends 
are regulated by causes which science has not yet reached. 
The Kedern line of no variation begins in latitude 60°, 
to the west of Hudson's Bay, passes in a south direction 
through the American lakes, the Antilles, and Cape St. 
Eoque, reaching the Atlantic Ocean, and cutting the me- 
ridian of Greenwich in about G5° of south latitude. The 
eastern line of no varialicn begins, on the north, in the 
White Sea, makes a great scmicirele, descending south, till 
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it reaches tlie latitude of 71°; it then passes along the Sea 
of Japan, goes westward across China and Hindostan, to 
Bombay ; it then benda to the east, and reacliing the north- 
west shore of Australia, runs soutii in nearly a direct line 
to about longitude 130° east of Greenwich. These 
lines indicate four magnetic poles, or, as Hansteen cdls 
them./our points qfconvergeitce. By comparing obserrationa 
which have been made at different times, Hansteen con- 
cludes that these poles have a regular motion around the 
globe, the two northern ones from west to east 
oblique direction, and the two southern ones from east to 
west. Hansteen calculates their periods of revolutios 
follows : — 

The etrongMl north pole in 1740 je&cs. 

The atrongcst santli pole in 4609 yean. 
I The weakest north pole In B60 jeua. 

The wealicst south pole ia 13D4 years. 

Thia magnetician has pointed out a curious connecdoa 
between these movements aud the precession of the equi- 
noxes. The shortest time in which all the four poles 
accomplish a cycle, and return to the same state as at 
present, coincides eaaetly with the period in which the 
precession of the equinoxes will amount to a complete 
drole, reckoning the precession at a degree in seventy-^vt 
years. 

The annual variation of the needle at London, for a feff 
years widely separated, may be inferred from the following 
table :— 
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Tears. 


Observers. 


Variations. 


1576 


Norman 


11« 15' 0" East. 


1580 


Borronglis 


11 17 Maximum of E. variation. 


1657 
1662/ 


No variation. 




1670 


. • • 


2 6 West. 


1700 


. • • 


9 40 


1760 


• • • 


19 30 


1800 


. • • 


24 36 Maximum of \V. variation 


1815 


Col. Beaufoy 


24 27 18 


1820 


• • • 


24 11 7 


1831 


• • • 


24 



Similar variations have been observed in many of the 
civilized parts of the globe. 

The observations on the monthly variations of the 
needle prove, that between the months of January and 
April the magnetic needle recedes from the north pole of 
the earth, while from April to July the western decli- 
nation diminishes ; and from the summer solstice to the 
vernal equinox, it increases. 

The diurnal variation commences about seven a.m. ; the 
north end then begins to deviate to the west, and it 
reaches its maximum westerly deviation about two p.m. ; 
it then returns towards its original position. 

m^ dip, or inclinatiofiy of the needle, — If a bar of steel 
is suspended from its centre, and carefidly balanced, it 
win hang horizontally, having no disposition to dip from 
the horizontal line either on one side or other of the centre . 
of suspension. If we now pass a magnet along the bar, 
so as to impart magnetism to the steel, it will be imme- 

Y 
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diately inclined from the boriKon about 70". Siuj 
magiiet, suspended at the equator, will remain in its It 
zontal position ; as we advance either nortliward or sos 
ward Irom the equator towards tlie poles, the needle d 
and this increases, until, amying at the magnetic poj 
it hangs Tertically. Therefore, near the equator the 
olinatton is nothing; and a line passing round the glol 
which is marked as the line of no dip, and which is in 
gular, crossing the earth's equator ot four points, 
magnetic equator. The general inclination of the b 
tic to the terrestrial equator is 12°. The nodal poiill 
where the two intersect, have been carefully examisi 
and laid down with much precision, Irom the observatiD 
of Hauateen, Pupeirey, and Morlet ; and, mote receot 
fflucli additional information has been obtained bj I 
establishment of magnetic observatories in all parts of 1 
globe, and by the attention which Boss and otbi 
paid to magnetic observations in their surveying voyaga 
A few examples of recent determinations of the dip 
B amount of inclination from the hori^outal 
1^ parts of the world. — 



Peldn . . . 


61=48' ft" 




68 22 f, 


rslnwuth . , 


6S 6S 1 


Plj-lBOTlth . . 


03 27 \ 




71 37 1 


New York 


73 U d 


Modtred Uh<,.\ . 


87 45 ( 


Point Beaufort 


88 13 1 
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Like the variation, the dip of the needle undergoCB con- 
tinual change, increasing in. Home pnrts of the world, and 
dimimshing in others. The dip in London was measured 
by Graham in 1720, at 74°42'; in 1800 by Gilpin, at 
70° 35'; and in 1830 by Captain Kater.at 69° 38'; and 
it is still diminishing. This progressive variation in the 
dip depends upon the motion of the nodes of the mas;- 
netic equator; and it has been shown by Ilanstcen, that 
the dip during the summer was fifteen miuutes greater 
than during the winter, and four minutes greater in the 
forenoon than in the afternoon. 

Thus the magnetic needle is mysteriously affected bj 
the Bun's course, variations of temperature producing 
uniform cliaogea in dip and intenaity. To a airailar cause , 
is, without doubt, due those very remarkable perturbations 
which are known as viagnetio storms. These were dis- 
covered by the remarkable fact that at all llie magnetic 
observatories of the old or the new world, there was a 
tmuUaneoui disturbance of the magnetic needles. These 
have, on some occasious, been associated with displays of 
aurora iorealu: but as this is not always the case, the 
cause of these "storms" has to be sought for in some 
other agency than that which produced the electrical 
manifestations of the Northern Lights. 
j' For the purpose of carrying out magnetic observations, 
.numerous instruments, possessing the greatest degree of 
delicacy, are necessary. Among them may be mentioned 
Magnetotcopea, which are merely highly magnetized bars, 
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I very delicately suspended by a Hexlble thread, or mounted 
I upon an agate pivot ; tnagneiometeri, which are of several 
I kinds, the object of oil of them being to measure the force 
I necesaary to draw a magnet from a given position ; dip- 
^pitg ueedlfs, and some modificiitions of the compass- 
I needle of the mariner. 

The phenomena of the earth's magnetism have been a 
I most fruitful subject of speculation. Dr. Gilbert supposed 
I the earth to contain within itself a powerful magnet, wbit 
l.acted upon magnetic bodies on the surface, in the same 
two or more magnetized bars of steel are found K 
our esperiraents. Hansteen imagines the ami tc 
(be, to us, the exciting source of magnetism. He says — 
"The sun maybe conceived as possessing one or more 
• magnetic axes, which, by distributing the force, occ 
a magnetic difference in the earth, in the moon, and sli 
Lthose planets whose internal structure admit of aueh a 
difference. Yet, allowing all this, the main difHeul^ 
(beems not to he overcome, but merely removed from the 
• a greater distance ; for the question may be still 
I asked, with equal justice, Wltence did ike gun acquire itt 
I tnagnetic force P And if from the sun wo have reconraa 
a central sun, and from that again to n general mag- 
I netic direction throughout the universe, having the milky 
B way for its equator, we but lengthen an unrestricted chain, 
^very link of which hangs on the preceding link, no one of 
rthem on a point of support." 

c David Brewster was the first to prove that there 
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were in our nortLern bemispliere two points of mnximum 
cold i that theae poles coiacided with tbe magnetic poles ; 
thnt the circle of maximum heat, hke the magnetic eqna- 
tor, did not coincide with the equinoctial line ; that the 
isothermal lines (lines of equal temperature), and the lines 
of eqiuil magnetic intensity, had the same general form, 
surrounding and enclosing the magnetic pales and those 
of maximum cold. 

Jlagnetiam and heat stand in strict rel.ition to each 
other. The author has found that melted iron did not 
affect the most dcUcate compass ; bat as it cooled below a 
certain point, its attractive inHuence was again exerted. 
By heating a bar magnet, we gradually weaken and even- 
tually deatroj ita mBgnetiam. 

Professor Barlow was the first who reduced to an experi- 
mental form the idea that tJie pheuomenon of terrestrial mag- 
netiam was of electric origin. He took a hollow globe and 
siuTomided it with copper wire, along which he occasioned 
an electric current lo circulate. When connected with a 
voltaic battery, the wbole surface of the globe was put 
into a state of transient magnetic induction, and a needle, 
freely suspended above it, arranged itself in a plane pass- 
ing from pole to pole through tbe centre, and took dif- 
ferent angles of inclination, according to its situation be- 
tween the equator and either pole, 

Mr. Barlow in England, and Baumgartuer of Vienna, 
have detected in the wires of the electric telegraph, which 
have an earth connection, electric currents circulating 
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I from the cast to the west tluriug the hours when the si 
I U above tlie horizon. We Lave elready seen that a ma 
L netized bar has a tendencj' always to place itself at right 
i angles to an electric current. Therefore, supposing our 
I globe to be involved in an electric atmosphere, the lines 
I of its disturbance being parallel^ or nearly so, to its eqqa- 
I tor, any magnetic body would arrange itself across those 
I Knes, We have thus a very simple and sufficient expla- 
nation of the phenomenon of north and south direction in 
the compasa-needle. 
[ Dr. Seebeclt proved that the mere application of heat to 
[ a point on a ring composed of two dissimilar elemenU, 
I developed magnetic effects ; and the recent discoveries of 
I Faraday appear to show, that the materials of which tie 
I earth is constituted are susceptible of receiving mag- 
I netism by induction from an exterior cause. The experi- 
I jnents must be described with some care, as they involve 
I considerations, of the great problem of magnetism, which 
I are not esceeded in importance by any of the discoveries 
\ of inductive science, 

Att apparatus of the following kind was devised by Dr. 
Faraday. A horizontal lever was suspended by cocoon 
silk, and at right angles, at the end of one arm, was at- 
tached a horizontal cross-bar, on which, at about an 
and a half apart, and equidistant from the horizontal lever, 
L were suspended two glass bubbles, When this differential 
t torsion-balance was adjusted for experiment, one of the 
glass bubbles was on either side of the iron core o 
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electro-magnet. Theae gloss bubbles were filled with nt- 
mospheric air, or any given gas, in a, state of condensa- 
tion or attenuation, and the results were, when nitro- 
gen and oiygea bubbles were employed, that the oxygen 
was attracted to and the nitrogen driven from the mag- 
net ; thus proving the magnetic eharacter of the life-sua- 
taining portion of our atmosphere, and the neutrality of 
the other ; this was also proved with regard to nitrogen, 
by the fact, that no difference in density produced any 
vniitttion in its mognetie character. Oxygen at Jialf an 
atmosphere was less magnetic than that at one atmo- 
sphere, but more magnetic than oxygen of one-third this 
density, wlule that at one-third surpassed a vacuum in 
magnetic cbarQcter. 

These reaults teach as that our atmosphere ia a mag- 
netic medium, and that its magnetic intensity varies with 
every alteration in its density. Four-fiftha of the air is 
nitrogen, and this, Faraday has shown, is a gas which 
neither under differences of temperature, nor of expan- 
sion, shows any alteration in its power of affecting mag- 
netic force. Oxygen forms the remaining fifth of the 
atmosphere ; this magnetic gas is proved to have its cha- 
racter altered by every variation of temperature. Faraday 
is hence disposed to refer all the phenomena of magnetic 
TBiiatious to the influences of solar heat on the atmosphere. 

Magnetism may be fairly assumed, from all the experi- 
mental results which have been obtained, — the most impor- 
tant of which have been described, — as a peculiar form of 
electricity. i 
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All 'matter has the power of holding around its atoms, 

in a state of extreme condpnaation, this and the other 

. physical forces. Xow, the earth is a great rcBervoir of 

ectrioity, and under the influence of the solar radiations 

3 disturbed ; a current circulates froin east to west, 

U)d all bodies holding this agent in a statfi of statical 

^equilibrium ore moved, the result being the development 

mt:d tbe dynomical effects of a disturbed state of the elec- 

Btricol equilibrium. 

The Aurora Borealit is a very striking manifestatioii of 

■ihis electro-mfignetic disturbance, taking place at a con- 

■wderable elevation in the atmosphere. Tlie aurora is 

■usually confined to a region 150 miles above the earth, 

p and Dr. Dalton's theory is as follows : — Immediately 

above the earth's surface is the region of clouds, then the 

region of meteors, falling stare, and fire-bnlla, and beyond 

this region that of the aurora borealis. The light of the 

aurora is estremely attenuated, and hence it is inferred 

that it is produced in an atmosphere as attenuated as the 

Torricellian vacuum, and it corresponds exactly with the 

light of an electric spark sent through air which has 

been rarefied ns far as it is possible, by means of a good 

i-pump. Dalton supposes this region to be filled with 

1 magnetic matter, and, adopting tbe experimeatal 

rvidence of the existence of iron in the atmosphere, given 

y Fu.^inieri, he supposed that the beams qf the aurora 

orealis teere qf a ftrruginous nature. We now are 

d to discard tliis assumption, since oxygen is ahomi 
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to possess a magnetic character of the same kind as iron, 
and differing from it only in degree. We know uot what 
clieaiical changes may take place in the atmosphere nt the 
eitreme degree of attenuatioii of the anroreal regions, 
where, also, the cold must be exceedingly great. Dalton 
Mjs, " With regard to the exciting cause of the aurora, 
I believe it will be found in change of temperature :" 
this view completely egrees with the experiments of I'arB- 
day. Eegarding the aurora to be due to a disturbance 
of a magnetic body by changes of temperature, its 
peculiar manifestations must be referred to the influences 
of the mass of the earth. Dalton's expression is in all 
probability the true one : The aurora borealis is a maff- 
nelic pheamofmn, and its beams are governed Si/ ike earih's 
maffnetiam. 

Light has been stated to have the power of inducing 
magnetism in steel. Morichini, Carpa, Eidolfi, and Mrs. 
Somerrille, state, that by exposing sewing needles to the 
▼iolet rays of a prismatic spectrum, or by covering one- 
half of them with a blue glass, they become magnetic. 
Much doubt has, however, been thrown upon these results, 
as they have not been eonhrmed by other experimenters. 
It would appear, however, from experiments which the 
author has made on this snlyect, that magnetism is induced 
by the action of the solar rays when the needles are 
placed in the line of the magnetic meridian, and in the 
direction of the dip of the needle at the place where the 
experiment is tried. The result is without doubt due U 
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the disturbaace of the molecular arrangement, and it beai 
I a very close rcsemblaaoe to the magnetiBm induced by 
I Wow on a bar of steel under the same circumstances. 

The important part which Electricity performs in the 
I great phenomena of nature, nill, it is hoped, be n 
1 fairly understood. The practice, however, of refeni 
L every effect, which we cannot clearly trace to ita canse, 
I electricity, is one which cannot be too strongly cenaorsib' 
since it leads to misconception, and stops the progreaa of 
inquiry. Electricity, galvanism, and magnetism stanit 
as different forms of the same great power, and to these 
may be referred many remarkable results which have 
tlmnigh all time excited the attention of man ; 
knowledge of them will be extended, but the probability 
I that with the extension of our knowledge we shall 
I discover physical agencies which stand far supei'ior to any 
with which wo are now acquainted. 
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CHAPTER VII. 
HEAT, OR CALORIC. 

eominon language two meatiings arc giveu to the term 
e Bignifying the Bensation produced on touching 
f bot body, and the other the cause producing that 
la the language of science, to avoid as far as 
llible the inconvenience of employing the same word 
senses, it bos been usual to adopt the term Caloric 
Rrignify the cause. Seat being the effect. This dis- 
rtjon has not been always adopted by scientiiio writers, 
and it has been particularly rejected by those who will not 
admit the materiality of any of the physical forces ; but 
there appear to be so many advantages connected with 
it, that it will, in the present chapter, be strictly ad- 
hered to. 
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^^H The first great Bource of this importani principle, or 
^^f force, k undoubtedly the sun, and we find, upon examina- 
I tion of the solar beam, that the heat radiations do nol 

obey precisely th^ snme laws as those which we detect 
regulating the luminous rays. Sir William Herschel and 
. Sir Henry Engleiield were the first to eiamine the tem- 
perature of the solar rays. This examination was effected 
) by placing very delicate thermomctera across the prismatic 
1. rays : they obtained the following results ;— 

Qaite oot of visible light, below 

the Red raj, the thcnnomater mae 18 degrees. 
In tiie Red raj, „ 15J „ 

la the YeUoiv raj-, „ 8 

Intic Gryeu ruj, ,. 4 „ 

Id the Blue raj, „ 1 „ 

Sir John Ilerschel, by more recent researches, has con- 
firmed these results, and also proved an extension of the 
calorific spectrum beyond the limits of the luminous rays, 
ater than had hitherto been suspected. His method 
of examination is us follows : — A piece of tissue paper 
ia stretched on a frame, and blackened on one side only. 
It is then placed so that the prismatic image falls on the 
unblacttened side. Being thus carefully adjusted, and a 
well-defined spectrum obtained, a wash of ether is passed, 
by means of a wide brush, fully over the paper. The 
ether, being very volatile, evaporates rapidly, the portion 
subjected to the greatest heat drying the most speedily, 
; and marking, by spots whiter than the other parts of the 
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paper, the extension aad defined limits of Cbe cslorific 
rays. Thia is shown in Pig. 2 of the irontiapiece, which 
is adjusted, in its relation to the luminous spectrum, in 
sueli a manner as to convey a correct idea of the superior 
extent of the calorific radiations. The spot which corre- 
sponds with the crimson ray is the first which becomes 
tisibie from drying, thus marking tlie point of greatest 
heat i the larger spot dries more slowly, hut it is always 
exceedingly well-defined ; aad the two lower and amallor 
spots are only made visible by a second copious upplica- 
tiou of ether. The appendage from the first heat-spot, 
whicb extends through the luminous rays up <o the blue, 
marks in a very pleasing maimer the gradual diminution 
of thermic influence, and fully confirmB Sir Wiltiam Her- 
achel's tbermometric examination. 

The points for consideration here are, the differenoo 
between the calorific and the luminous rays, as it regards 
re&angibility ; — we detect heat-rays scarcely at all bent by 
the interposition of the prism ;— the want of coincidence 
between the light-giving and the beat-producing rays, and 
the very rapid diffusion and diminution of the calorific 
rays, as soon as they become blended with the luminous 
bands. Out of this arises the question — Are light and heat 
identical ? nre tbey modified forms of the same force ? It 
has been shown by Drs. llobinson and Draper, that all 
bodies become luminous at the same temperalure. Every 
substance in nature, whether organic or inorganic, begins A 
^^^emit light at nbout 1U00° Fahrenheit, from which it H 
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^^H bas been inferred that a certain degree of distnrbance pro- 
^^B duces beat, nhich, being increased, gives rise to luminous 
^^B vibrations. 

^^H Heat and light may, however, be separated from each 
^^f other. jMelloiu has determined that although tbin slices 
of obsidian and black mica obstruct nearly all the lumi- 
nous rays, yet these bodies admit the free and full per- 
^^ mention of tbe calorific rays ; whereas, a peculiar gteen 
^^L glass, washed over on one side with a solution of alum, 
^^M although perfectly transparent to light, is nearly opnke 
^^H for heat, most of the solar calorific radiations being eul 
^^H off when such a glass is interposed as a screen, By 
^^H colourfd solutions we are enabled to produce similar re- 
^^H suits, and thus secure the isolation of heat and light. 
^^H The other sources of heat, which may be called by dis- 
^^H tinction tbe terrestrial ones, are summed up under the 
^^H' following heads. — 

^^^K Mechanical force, whether applied as friction or percua- 
^^H sion. A. piece of metal rubbed rapidly on any other body, 
^^H aooQ becomes too hot to be beld. Two pieces of dry wood, 
^^H kept for a few minutes in a state of brisk attrition, wiH 
^^^1 give rise to sucb a development of caloric as will occasion. 
^^^B their ignition. The lucifer match is ignited by the heat 
^^^H produced by the friction of tbe chemical compound against 
^^^B a piece of sand-paper. Count Bumford found that the 
^^^H friction produced in boring a brass cannon of seven inchea 
^^H and a half diameter, tbe borers pressing with the force of 
^^^^ 10,000, and making thirty-two revolutions a minute, de- 
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vdoped, in two hours and & balf, sufficient caloric to raise 
eighteen pounds of water up to the boiljng point. 

Percussion caps, and detonating balls, are familiar ei- 
amplea of the effects of sudden blows in liberating caloric. 
The blacksmith will hammer a piece of iron until it be- 
comes red-hot. In striking coins, we have a very instruc- 
tive example of the fact, that as bodies are diminished in 
bulk they evolve heat : it is found in coiniug, that with the 
first blow of the coming-press, by which the molecules of 
the metal are squeezed closer together, the largest amount 
of heat is manifested ; the rate of increase becoming less 
at every blow. 

Chemical action is a very active source of heat. Under 
this head all the phcnomeDa of combustion muat be in- 
cluded ; the burning body — coal in the fire, or tallow in 
the candle — combining with osygeo in the process. When 
we mix any two boihes which condense into a smaller 
volume when combined, than they occupied ui a separate 
state, heat is manifested, often in a very remarkable man- 
ner. Eiamplea of this action are mixtures of oi! ol' vitriol 
and water,— of nitric acid and alcohol; — and, among the 
metals, as in the combinations of lead and tin, or bismuth 
sod tin, and even in copper and ainc, we have the curious 
instances that, after these compounds have cooled to a 
certain point, they suddenly become again too hot to be 
handled : this development of calorie being due, it would 
rearrangement of tlic particles. 
rtrical action. Wheoever the electric current pro- 



^^^Meet 



336 HEAT, OR CALORIC. 

gresaea through o conducting body irhich offers much re- 
I sistancc to its passage, heat ia developed. The incondes- 
e of platinum wire, and the arc of luminous and calo- 
I rilic intensity (the electric ligUt) between the charcoal 
points which form the termination of a galvanic series, 
e illustrations of the heating powers of electricitj'. A* 
I a practical application, the process of firing gunpowder 
I under water, or of exploding a mine, may be adduced. 

Filal action. This source of heat appears to be a com- 
I pound influence of mechanical action, as in musculat 
I movement, — of chemical power, aa in the processes of di- 
I geation and respiration, — and of electrical influence, as in 
] the operations of the nerves, and of the brain, regarded k 
I the nervoua centre. 

Heat is a universal force, moving according to 
' which are peculiarly its own, although in some re^woli 
they approach nearly to those which regulate tho motiojn 
of light. Calorific radiations are capable of being refli 
nnd undergo polarization under the same circumstances n< 
do the luminous rays. 

We speak of free caloric, and mean thereby the 
cumstance of heat becoming »eitaiile, aa when diffiiaing 
itself, in its tendency towards an equilibrium, through all 
surrounding bodies. When an equilibrium is restored, 
and all neighbouring bodies are at an equal temperatUKi 
this agency is said to be latenl, or in a state of repose.. 
The doctrine of latent, or bidden heat. Las been disputed 
by those philosophers who are disposed to regurd heat as 
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a mere property of matter, its senaible eSccts being due 
to motion. When, however, we consider the evidence 
wliich eiperimenta! science affords us, of plienoniena during 
which caloric appears to be squeezed out of aoUd or 
gaseous matter as the molecules arc brought closer to- 
gether, the hypothesis of latent heat receives the strongest 
support. 

We are absolutely ignorant of the nature of the principle 
of heat : we know that certain effects result, aad we attempt 
to explain these by theory. Our senses make us familiar 
with two couditions, fieat and cold ; these are precisely 
the same forms of expression in relation to caloric, as posi- 
tive and negative are to electricity. We feel warmth when 
caloric b added to our bodies, we are senaibJe of cold 
when heat is abstracted. This duality of action extends 
through all nature ; and the constant effort made by the 
physical agencies to maintain a perfect cquibbrium is, in 
all probability, the great exciting cause of the phenomena 
with wliich observation has made na familiar. 

Caloric, or the principle of beat, is directly antagonistic 
to the force of cohesion, by which particles of matter are 
chained to each other. 

Whatever may be the state of a body, it auffera ex- 
pansion if it is subjected to a higher temperature than 
itself. Gasea expand by heat, far more than solid or 
fluid bodies do. If a ftaccid bladder, tied securely at the 
month, is held near the lire, it wUl, from the expansion 
e, sir within it, become in a short time full and tense^ . 
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aod if the heat be contioned, tbe membrane vill boraf, 
from the further expansion of the air within. If 
iafo a Florence oil-fiask a long glaaa tube, and then placa 
the enU of the tube in a vesae! of water, we have a 
rough, but easy means, by which the expansion of the ai 
within it may be measured. If the warm hand ia applied 
to the flask, the air, expanding, will escape in bubbles 
through the water ; on removing the hand, the flask re- 
turns to the normal temperature, and the air, resuming 
its former condition, is not sufficient to fill the flask and 
tube; water rises in the tube to supply its place 
quantity of liquid markiug the degree of expaoaion whid 
had taken place with a certain increment of heat. Upon 
this principle, a very delicate insttumeat, the air iit 
meter, has been constructed. 

Fluids expand in a similar manner. If we place w 
mercury, or oil, in the flask employed in the last espe- 
riment, so that a little of the fluid rises in the tube, and 
apply any heat to the flask, the fluid, by expansion 
gradually rise in the tube; upon which, if graduated, wa 
can mark the degree of expansion for any addition of 
caloric. The expansion of the volume, with an increase, 
of temperature from 32° Fahr. to 213°, may be thus 



Mercniy : 1000 parU become abont 1018 
Water ,. „ 1046 

Aleahol „ „ 1100 
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Alcoliol expands much more than water, and water more 
than fluid mercury. 

K we take any solid body, and measure its length, 
breadth, and thickness at a fixed temperature, we shall 
find, upon applying heat to it, that it will have increased 
in every direction. If an iron rod is taken, which exactly 
passes into a gauge eighteen inches, or any other measure, 
in length, and to which we fit easily an iron ring ; upon 
making the bar hot it will be too long to fall into the 
gauge, and have increased so much in thickness, that it 
will not pass through the ring. The following are a few 
examples of the rates of expansion in solid bodies ; — the 
elongation, when heated from 32^ to 212^, being 



Copper . 


. Th 


of its length. 


Iron 


I 




Lead 


Ssi 




Tin 


. Tb 




Silver . 


• rk 




Gold 


•6-hi 




Platinum 


1147 





These numbers are to be regarded as approximations only, 
and, in repeating experiments, it must not be forgotten 
that every sample of metal produced, varies in some phy- 
sical or chemical property, and hence exhibits some dif- 
ference in its rate of expansion. 

Taking advantage of the knowledge obtained by the 
investigations which have been very carefully made into 
the laws of expansion in bars of metals, we have been 

z 2 
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^^^ft enabled to g;iTe a constancy to the lengtbs of tha pen- 
^^^r dnlum ; eveiy variatioa in tte length of which produces a 
^^H corresponding Tariation in its rate of oscillation. Chmpen- 
^^H talioa pendulums, aa they are called, are variously made; 
^^H the most conmion form being the gridiron pendulum. 
^^H this, the main rod is of iron, and the inner ones of i 
^^H or brass. As the expansion of zinc exceeds that of ii 
^^H the bars are made unequal ; and such a relation is esta- 
^^H blished between them, that the elevation of one exactly 
^^H Goimterbalnnces the depression of the other. 
^^* can'oZ compensation pendulum is another form, in which 
the same kind of compensation is effected by means of 
fluid mercury and iron. The compenaatioa balance, 
chronometers, depends oii the same principle; two dit 
ferent metals heing soldered together, so as to render 
movements uniform. 

I Upon a knowledge of the laws of expansion under 
calorific influence, is founded (he construction of Mwroo- 
mden. They ordinarOy consist of a glass tube of small 
bore, with a bulb at the bottom. These are filled 
mercury or alcohol, at a temperature sufficient to ensure 
the absence of air ; the end of the tube is dosed, and the 
whole cooled to the fre.ezing point, or that point abovB 
which ice mctts, and below which water freezes ; — this is 
marked 32° ; if now it is plunged into a mixture of ice 
and salt, a further contraction of the fluid takes place, and 
that point at which it rests under these conditions is the 
sero, 0°, of Fahrenheit's scale, usually employed in this 
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conntry. If the instniment is now placed ia water, wtich is 
made to boil, the mercury ascends in the tube, and between 
the point which indicates the temperature of boiUng water 
under the ordinary pressure of the atmosphere, and the 
aero, 213 degrees are raarked. 

Reaumur, whose thermometer is much used on the 
Continent, divides bis scale into 80 degrees ; bis fixed 
points being melting ice and boiling water. The thermo- 
meter of Celsius, of Sweden, usually known as the cmli- 
grade, has the same apace divided into 100 degrees. A 
degree of Fahrenheit's scale ia equal to ^ of one of 
Eraimiur's, and to | of a centigrade degree : therefore, 
to convert a degree of Fahrenheit into its equivalent on 
Beatimur'a scale, the degrees above or below 32° must 
be moltiplied by 4 and divided by 9 ; and the equivalent 
on the centigrade scale is obtained by multiplying by fi 
and dividing by 9. If, on the contrary, these are to be 
converted into Fahrenheit degrees, we must multiply the 
degree on either scale by 9, and divide by 4 or G, as the 
case may be. 

For convenience of observation on daily variation of 
temperature, thermometers are marie self-registering ; the 
arrangement shown in Fig. IS.') i l'iiiliirii>:il - tlierrao- 
meter) being that which is ■, ^^ 

usaaUy adopted. This con- Ip^: _ -^1 

sists of two thermometers | l^ "" ;Bll 

placed horizontally, one be- 1 1; i-:.. 

ing a mercurial and the other a spirit il.truiu meter. In 



^ 



tbe tube of the formEr lies a skel pin, whick is pnsl 
forward as the mercuiy expands, and ia left at tlie higheol 
point obtained when the metal recedes ; the latter has 
very fine pieoe of enamel, or dark glass, somewhat thickened 
at its extremities, placed in the spirit, as shown in the aexi 
figare. As the spirit recedes this is cnrried back, owing 
, to the adhesion of the spirit to it, and it ia leil to 
the lowest point to which the spirit has fallen or contrautedl 
as when the spirit expands it cannot be earned forwan^ 
owing to the very slight inclination which is given to tlU 
tube. These are called maximum, and tainim 
times day and night, thermometers. To adjust them, thfl 
steel pin ia drawn bock with a small magnet 
moTed along near the ginss, and by slightly 
depressing the end of the instrnment, the 
enamel falls to the end of the spirit. The 
following arrangement, known as Six's ther- 
mometer, is often employed (Fig. 180). The 
tube, fixed to its scale a b, ia bent twice ; 
the bulb is in the form of a long cylinder, 
whieli ia filled with spirits of wine, and in 
contact with a portion of nierciuy, occupying 
the lower part of the tube; and this ia suc- 
ceeded by a second portion of spirit. The 
mercury carries oa each of its surfaces an 
index, which is retained in its remotest situa- 
tion by means of a weak spring. By the ^-ISO. 
expansion of the spirit, the mercury is moved, and : 



iJi^ 
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one or the other arm are thua marked, by the steel index, 
the estremes of heat and cold. 

Instrumeats called Pyrometers are used to measure 
very high temperatares. Wedgwood's consists of a cylin- 
drical piece of porcelain clay, which coritrocU with the 
increase of heat, and thus marks the degree : the zero of 
Wedgwood's scale is lOTJ'B" of Fahr., and each degree 
equal to 130° of Fahrenheit's. Pyrometers of modem cou- 
struction act usually in consequence of the espanaion of 
that infusible metal, platinum. In Dauiell's pyrometer 
the change of temperature is shown by the eseesa of the 
expansion of an iron har over the expansion of a black- 
lead case, in which it is enclosed. The iron rod is shorter 
than the black-leadware case, and a plug of earthenware, 
which fits tight in the case, abuts against the iron rod 
inside. By the expansion of the iron the earthenware 
ping is pushed out, aad it is held so tight in the case, that 
it cannot go hack again when the apparatus cools ; the 
protrusion of the earthenware plug is, therefore, a per- 
manent index of the greatest amount of expansion that 
had been produced whilst the instrument was exposed to 
heat. This expansion being very small, the earthenware 
plug is made to press against a lever, which moves an 
index over a graduated scale, and thus measures most 
accurately every degree of expansion. 

It has been shown by Dulong and Petit, that although 
the expansion of fluid bodies up to 313° observes a very 
regular increase with the proportional mcrease of tempe- 
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rature, above that point it increases as compared with 
the espansion of air. This mnj be explained on the sup- 
position, that, having weakened cohesive force to a oeriain 
degree, the particles are more freely separated from each 
f other by the addition of caloric. 

Common experience teaches us that bodies condort 

caloric, or become heated, at very different rates. 

place a bar of copper and a rod of glass in the fire, with 

I their ends projecting, one will become too hot to be IwU 

a the hand long before the other is warm to the touch. 

f a series of different metal bars are taken and some 

I wai fbced on one end of each, the other end being placed 

equally in the source of heat, the wax will be fonnfl 

to melt off some long before it is softened upon othoR. 

I Aeeording to Despretz, the rate of conducting poWM 

n the following bodies, may he expressed by the nitmben 

[ attached to each. 



Gold 
SnTer 
Copper 



Marble . 
Porcelain 
Claj 



I Stones of a dense character stand next to the metaU 91 
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conductors of heat ; then bricks, ordinary earthenware, 
and glass, which is so bad a conductor that it may be 
melted an inch from the fingers without any inconvenient 
heat being experieDced. Woods and organic matter, such 
as bones, are bad conductors ; charcoal, however, ranking 
still lower in conducting power : — if the hand is filled 
with powdered charcoal, a red-hot iron ball may he held for 
a long time with impunity. Silk, cotton, and wool are 
worse conductors than any of the substances named ; and 
the finer the fibres, the less their conducting powers. The 
warmth preserved by our clothing depends upon the bad 
conducting material of which it is constructed ; the heat 
which is developed in the processes of vital action being 
preserved oroond the body. 

In the conduction of caloric through a soUd itwould appear 
that each particle commiinJcaf es to its contiguous particlcE 
a portion of that which it receives ; and this goes on, in the 
sohd mass, untd the whole ia of the same temperature , or 
a change of condition takes place, and fusion results The 
communication of heat through fluids is 
of a different character ; the portion warmed 
becomes specifically hghter than the super- 
incumbent mass, and it rises through it, the 
colder portion sinking to supply its place, 
as shown in Pig. 187. If, instead of ap- 
plying the heat to the bottom of the vessel 
containing the fluid, it is applied at the 
found that it conducts 
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caloric downwards but reiy alowly . If ether is pamed 
1 on the surface of water, and set on fire, the heat will not 
1 affect a thermometer placed at but a short distance below 
I the aurfoce. 

Gaseous bodies are still worse conductors than liquid 

I ones ; hence they ore employed to confine heat, as in 

[■ case of double windows; the air between thein being the 

best possible contrivance to prevent the escape of warmth 

from the apartment. By this property the temperature of 

the earth is maintained in a more equable condition than it 

wonld he if the atmosphere was a good conducting medinm. 

Count Eumford instituted a series of very complete 

L experiments on the conducting power of bodies used for 

articles of drees, or the coverings of animals. Suapendiog 

I I thermometer in a glass tube, surrouudiug it with the 

ace to be examined, and pinnging it first into 

I boiling water, and then into melting ice, he ascertained 

\ the time in seconds which elapsed whUe the thermometer 

I BBnk from 190° to bi\°. The foUowing were the results 

I obtained: — 



With Air it required . . . 


576 seconds 


With 16 grains of SeBingSOk it required 817 „ 


,Witb IB graina of Lint 


1032 „ 


With 16 grains <jf Cotton 


1046 „ 


Witi 16 graina of Wool 


1118 „ 


With IS gTBiaa of Raw Sili 


1281 „ 


With IB grains of Beavar's fur 


ISOG „ 


With IS grains of Eider down 


1305 „ 


With 16 grains of Hare's for 


1315 „ 



r 



DEiT, OB CALORIC. 347 

Practical experience has led to precisely similar results to 
those obtained by the philosopher, in the employinent of 
these materials for clothing, luider different temperiftures. 
There is in natiare a heantiful prayiaiou, by which the 
clothing of many animals is changed, when their condi- 
tions, as regards temperature, are altered ; in the Arctic 
regions, and during the severe cold of winter, wool re- 
places hair, and down takes the jilace of feathers. 

Specific Seat,- — If we take any number of dissimilar 
bodies, we shall find, that to raise their temperature from 
a given point to one higher, thtfy will exhibit different 
capaciHes for beat. To raise them from 33° to 100° they 
will require a larger or smaller amount of caloric to be 
comliined with them ; eimilar bodiea always requiring an 
equal quantity of beat to produce a given elevation of 
temperature above a fixed point. 

A simple experiment or two will easily determine these 
laws. Place upon a hot platfl, side by side, two vessels 
containing equal weights of water and mercury, at a 
umform temperature : if after a period wo examine the 
temperature of each, we shall find that the mercury will 
be much hotter than the water; the capacity of the one 
for caloric being greater than the other. 

When a pound of ice at 33° is mixed with a pound of 

water at 173°, 140° are absorbed in converting the ice 

into water, and the temperature of the whole ia still 32° 

Fahr. When, however, a ponnd of water is frozen into 

^UU^I^nith as much heat as would raise the tempe- 
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ratura of a pound of wnter 140°. Dr. Crawford atotes 
the cepacity of ice for caloric Ui be nine-tentha sa gient 
as that of water. 

The following metlioda have been adopted for determin- 
ing tbe specif heat of bodies. They beve been mixed 
together in equal weigbta, at kuown temperaturea, and their 
mutual capacities for beat ascertained by the decrease in 
tlie temperature of the hotter body, and by its increaas in 
the colder. 

If water at 32° Fahr. is mtced with mercury at 66°, the 
resulting common temperature wUl be 33° : the water 
will have gained one degree of heat, while the niereuij 
will have lost 33°. Thus it is proved that tbe water hu 
a capacity for caloric, which exceeds that of meronif 
thirty-tbree times. 

Another method is to observe the quantity of ice whiii 
the body under investigation is capable of thawing 
having been ascertained, by careful experiment, that 1 
of bent are necessary to melt a pound of ice. The rate of 
cooling is also a means by which the specific heat of b 
body may be ascertained : the more slowly a body cooU« 
the greater must be its capacity for heat. 

Dulong and Petit have shown that the speciiie heat tX 
all bodies stands in a simple relation to their atom 
weights : in nearly all simple substances it is inversely 
the atomic weight, the atoms of all such having an eqna{ 
capadty. The doctrine and laws of specific beat miu^ 
bowever, be studied in the works of theii ablest inresti' 
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;|iiors, the aim and extent of the present treatise not 
iDowing of any more extended view. 

It will now be understood that every body contains a 
OBrtain amount of caloric, in a latent or non-sensible 
itate, which may be regarded as in physical combination 
k some definite proportion. To this latent heat is due 
fte condition of the body. In a solid, the caloric is not 
inffident to place the particles of matter so far from 
mk other, that they are free to move ; but in the fluid 
Uds is the case ; and in gases the ultimate particles are still 
iiirther separated by this power. Solids, therefore, contain 
kis latent caloric than liquids, and these less than gases. 

FMon, or melting, is the change of a solid into a liquid 
fem, by the addition of caloric to the body: those par- 
ticles whict were held rigidly together by cohesive force, 
are so far separated, that they are free to move ; they float 
IS it were in Hhe principle of heat. In the arts and 
manufactures, it is of the utmost importance to know 
vith great precision the melting points of various metals. 
The following table gives the melting points of a few 
substances : — 



Platinum . . 


3082° 


Fahr. 


Bismuth 


. 480°Fahr. 


Iron, wrouglit 


2912 




Tin ... . 


433 


iron, cast . . 


1922 




Sulphur . , 


226 


Gold . . . 


2192 




Phosphonia 


98 


Copper . . 


1900 




Yellow wax 


110 


Silver . . . 


1832 




Tallow . . 


. 104 


Zinc . • . 


700 




Ice . . . 


32 


Lead . . . 


590 
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Many of the metallic alloys liquefy at a much lower 
aetals which enter into their com- 
o-cniled /mile ■metal is a remarVftble 
Its composition is aa follows ; — 



This alloy melts at the temperature of 163° Fahr. ; eon- 
se(]uently, if put into boiling water, or even water cooled 
below this point, as in a cup of tea, it runs down like 
wax. Spoons are sometimes made of this composition, 
and being used in the way indicated, they very suddenly 
disappear in the hands of the astoiiished individual who is 
Ignorant of the experiment. 

While a body is fusing, no elevation of its temperatuie' 
lakes place-, the increased heat is consumed in producing 
liquefaction ; its capacity for heat ia uniformly increased, 
and a large quantity of caloric is rendered latent. If we 
cool snow to 20'^ Fahr., and, having bedded a thermometer 
in the mass, we bring both into u warm room, the ther- 
mometer will immediately begin to rise, aud will continue 
to ascend until it reaches 33°, when it will become station- 
ary, and remain so until all the aaow is liquefied ; the free 
calorie of the surrounding air being rendered latent in the 
water during the process of liquefaction, 

Water has the greatest capacity for heat of any body, . 
and, consequently, it is a very important agent in equa. 
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lizing the temperature of our planet. Owing to the warmth 
of oceaa cunents, the Taiiationa of climates on sea-coasts 
are less than those which occur in the centre of continents, 
the water absorhing the free caloric when the temperature 
rises, and porting with heat when it faDs. 

It is found that the temperature of the ocean near the 
eqnator varies throughont the year but very slightly, fluc- 
tuating but one or two degrees above or below 80°. This 
warm water circulates towards the polar extremities of the 
globe, and, by parting with its free caloric, renders those cli- 
mates temperate, which would otherwise have been scarcely 
habitable through the eicessive cold. A remarkable 
example of this occurs with the &ulf Stream, which sets 
from tie Gulf of Mexico towards our own shores. The 
water warmed within the tropics, comes charged with calo- 
ric, which it diffuses in our own atmosphere. Along the 
southern portion of the Norwegian coasts the grain plants 
cannot be cultiyated in consequence of the coldness of the 
cdimate, but along the shores of the more northera region 
of that country they grow with tolerable facility. TTiis 
arises from the circumstance that a portion of the great 
Gulf Stream escapes to the north of Ireland, and, passing 
the islands of Scotland, sets full on the Norwegian shore, 
where it parts with the last portion of tliat heat which is 
in excess above the atmospheric temperature, and thus 
renders the climate milder than further south. 

When fluids are changed into vapours, a conversion of 



I sensible into lateut heat, such as we have described, ocrars, 

e boil water in an open vessel, a considerable portion 

of vapour or steam is given out, but the temperature nevei 

I 313°, all the heat which is derived irom the 

fire being rendered lateat in the steam. The steam, if 

I oonilenaed, wiU part with ita latent heat to water as 

1 sensible heat, and we can thus measure it. 

This is veiy satisfactorily shown in the common itSl, a 
vessel employed for distiUing waters or spirits. Fig. 
a, is a furnace, in which is fixed a copper, to contain the 
fluid. Heat being applied, the steam rises into the head, i, 
I and passes (hence through the worm, d, which is placed ii 
a vessel of water, the refrigerator; beiog condensed in its 
I passage, and passing out by the Gxtemal pipe. In tlie 
process, the beat which ii 
imparted to the water to 
convert it into steam, in 
which it is latent, is com- 
municated to the liquid in 
the refrigeratory, and its 
increasing temperature ia, 
r approximately, a measurer 
Fig. 188. of the quantity of caloric 

I which has undergone the change from sensible to latent 
I heat, and back again to sensible. 

The annexed drawing, Pig. 189, is but a more delicate. 
ftsirangement for determining the same question, a a' 
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a copper vessel containing water, liaring a stop-coot b, 

tliraugh which the water U poured in, or steam allowed to 
escape ; c is a delicate 
thermometer for as- 
certaining the tempe- 
rature of the enclosed 
water and steam. 
The steam escapes 
by the stop-cock d, 
I through the pipe e\ it 
'"'B-lSB. flo„g into the water 

in the vessel g, and the thermometer A marks the 

temperature ; heat is communieated by 

the lamp /. The whole process is thus 

mider complete control, and very accurate 

results may be obtained. 

The application of steam as a motive 

power, is one of the most important 

ministrations of science to the useful 

purposes of civilization. This depends 

entirely upon the elaatk force of steam 

when heated under pressure, of which un 

iUttstration is given in Fig. 190. a is a 

stoat copper vessel of a globular form, 

fixed on a stand d\ it contains a little 

mercury ; and a tube b, which is carefully 

graduated, goes down into that metal, 

upon which is placed some water. This is heated by tlic 



^ 




Fig. lUO. 
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lamp e, the stop-cock / being left open until it boils ; it 
is then closed, and steam being still generated, it presses 
upon the mercury, which is forced up into the graduated 
tube b. The pressure of the atmosphere being overcome 
by the atcam at 213°, before the mercury begins to ria^ 
if the mercury is forced up to thirty inches, a preasura 
eqnal to two atmospheres is exerted, and so on with every 
inci'ease of pressure. The thermometer c is to determine 
the temperature under variations of pressure. 

Water boils at the level of the sea at 2 1 3° ; aa w 
to a greater elevation, the boiling point of water 
lowered; thus the boiling of water is sometimes 
ployed as a method by which the heights of mountains 
may be measured. That water boils at & lower tempera- 
ture than 21 2° when pressure is removed, is ausceptibh' 
of very easy proof. BoO over a lamp, in a glass flask a,, 
ne water, and cork the vessel : the pressure 
of the steam becomes so great as suddenly 
to check the ebullition. We may allow the 
flask to cool several degrees, and if we then 
plunge it into a vessel of cold water, b, the 
water will immediately begin to boil again; 
the steam is condensed, the pressure ia le- 
Ueved, and the cbuUltion is again set np: 
this may be repeated many times with the 
l~ig. 191. same result. At the bottom of mines, 
water will not boil until a temperature higher than 313° 
is obtained ; aud on the top of Mont Blanc, Saussme 
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Fonud that water boiled at lS4i°. An ascent of 630 feet 
causes the boiling point to be lowered oue degree. 

A pint of water may be evaporated by the combustion 
of two onnceB of coal ; and by the caloric which, it hos re- 
ceived during tbe change of state of the eoal, it has en- 
larged into S16 gallons of steam, whicb will exert a me- 
chanical force suihcient to raise a weight of thirty-aeven 
tons a foot high, and by allowing this steam to expand by 
virtue of its elasliciti/t double this force may be obtained. 
The knowledge of this is due to the genius of James Watt. 
In the best steam pumping-engines of Cornwall, a bushel 
of coal has produced beat sufhcient to exert a mechanical 
force capable of hftmg 110,000,000 pounds one foot 
lligh. Br. Lardner has estimated that a bushel of coals 
thna applied in the Cornish engines, does as much labour 
as a day's work of fifty strong horses. This is, however, 
due to the extreme economy of fuel, which is more fully 
attended to in that county than in any other. 

Bodies may, under some conditioaa, be liquefied with 
out the application of any external heat. The mixing 
of anew and salt is an example of this, the snow being 
liquefied at the expense of the free caloric in the salt : tbe 
greater the degree of cold generated in the process, the 
more quickly will hquefaction take place. The absurd 
and dangerous practice of throwing salt on the footways, 
when they are covered with snow, may often, from the in- 
tensity of the cold thus produced, give rise to tbe most 
serious disturbances of health, to even a casual passer- 
2a3 
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hj i the practice should, therefore, be decried as much as 
possible. 

Fneang mixtures depend upon these priudples: the 
effects may be iDustrated by the I'ollowing experiments: — 

Throw into a glass, around the bulb of a themiometeT, 
a little powdered Glauber's salts (sulphate of soda), and 
then add eome sal ammoniac (muriate of ammonia), also in 
powder ; stir them together, and a great depression of the 
mercviry in the thermometer will immediately ensue. 

WTien salts dissolve in water, they rob the water of 
some of its caloric, and a thermometer placed in it will 
sink many degrees. 

£y mixing diluted solphuric acid, cooled to the freezing 
point of water, with snow, we obtain a degree of cold 25* 
below the zero of Fahrenheit : that is, 55°of cold is obtained. 

If fused potash and snow are mixed, both being pre- 
viously brought to the freezing point, we obtain a depres- 
sion of 83°, or 61" below zero. 

Without the use of snow, very intease degrees of cold 
can he produced ; the following mixture being one of the ■ 
most effective : — Phosphate of soda, nine parts by weight; 
nitrate of ammonia, six parts ; diluted nitrous acid, fool 
parts. All the materials are to be cooled previously to . 
their being mixed. The temperature falls from 50° ta; 
— 21°, or we obtain 71° of coldness. 

The greatest cold obtained by Mr. Walker, who paid! 
much attention to this subject, was 100* below the zero! 
of Fahrenheit. 




HEAT, OR C4L0MC. 357 

The arrangement represented in Fig. 192 is that i 
employed for freeziag , 
mercury, and other I 
badiea. It consists '■ 
of a tin bos, having 
double sides, o, a, 
which is filled with 
air. In this is placed Fig. 183- 

anotber vessel, 66, which coutains a freezing mixture, 66: 
the space between it and the outer vessel may be filled 
with another freezing miiture, if we desire to produce 
very intense cold; in the frigorific compound S ft, a small 
vessel, containing the mercury rf, is fixed, and a raver c, 
into whicli a similar mixture can be placed, is put on: 
all is left quiet for a short space of time, and the cold 
eompouad robs the mercury of the heat of liquefaction, and 
it becomes solid. 

Water, if kept perfectly still, may be cooled many 
degrees below its point of congelation, without freezing ; 
but the moment it is disturbed in any way, it becomes 
solid. In freezing, there are some peculiar conditions con- 
nected with water, wlueli must not be overlooked. This 
fluid is at its ma^mum density at 40° of Fabreaheit; in 
oooling luitber, an apparent expansion takes place, and 
water colder than tlils floats on the warmer fiuid. This 
may, I think, be explained, without that mysti^ous al- 
teration of a fised law, which is sometimes had recourse 
to, as a means of explanation. Water, in cooUng below 
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^^H this point, conunences an Birangement of ita paitidea, 
^^B preparutocy to tlieir passing into the solid form, different 
^^B from that whit^h previously obtained ; the grouping of the 
^^M molecules partakes of an angular rather than of a spherical 
^^P character, and hence in one direction they occupy more 
^^B space 1 and aolid water at 33° floats on the liquid water 
^^^ above that point, and actually parts with some of its 
^^H caJoric to worm the fluid beneath the ice. 
^^M That a new arrangement of the molecules takes place, is 
^^P proved by the fact that water in freezini; rejects everything 
^^ which may have been combined with it. If ic« is takea 
from the still waters of a pond, it will he found full of 
air-bubbles J but if it is taken from the aides of a rapid 

(river, or of a pataract, it will he perfectly free from all 
air. Mix with water a solution of indigo, which wiU 
impart to it the most intense blue colour ; add to it the 
strongest and most corrosive acid ; dissolve in it the most 
acrid poison; or disseminate through it any spirituous 
compound ; and freeze the mixture by means of one of 
the frigorific mistures already named, gently moving the 
water with a feather durmg the process. The ice which 
forms around the sides of the vessel containing it, will 
be colourless, tasteless, and harmless ; it is absolutely 
pure water, and nothing else. The colouring matter, 
the acid, the poison, or whatever it may be, has been 
forced gut of the water; and it will be found in a con- 
centrated form in the centre of the solid mass. Bussian 
I sometimes freeze their wines, for the purpose 
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of obtaining the concentrated nectar whicli they thus form 
in the centre of the bottle. 

Water thus deprived of air and oil other matters, 
appears to obey some different law in relation to heat. 
If a piece of ice, formed as we have now described, is put 
into a flask covered with a slight film of oil, to exclude, 
and thus prevent the absorption of, air, during lique- 
faction, and then submitted to the heat of a spirit-lamp, 
the temperature may be raised to 380° without ebullition 
taking place; but on reaching that point it explodes with 
very considerable violence. To the operation of this pe- 
culiar cause, may, in all probability, be referred many of 
the fiteam-boiler explosions which occur. The following 
are the points of congelation of it few dissimilar sub- 
stances i — 

Frcah Water treaei i 
Sea Water 
Salphuric Add . 
Oil of Turpentine 
Olive Oil , 



Liquid A 
Sulphuric Ether 

The most intense cold has been produced by the use 
of solid carbonic acid and ether. The carbonic acid is 
rendered solid, by pressure in the first instance, and then 
by its own evaporation, on its being allowed to escape 
into the air. By the employment of this bath of Thibrier, 
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^^Bvhich sitiks to 166° below zero, tlie folloning bodies have 
^^Bbeea reduced to the solid state : 

It -nl 



Cyanogen at 
Chlorine and Oijgen 
GaseooB Anunonia 
Prololide of Nitrogen 

At the same time, however, some amount of mechanical 
r pressure is necessary to effect the solidification of these 
substances. 

The greatest natural cold observed, was probably that 
measured by Hansteen, in lat. 55°N,, which, according 
to hia statement, must have been more than 90° below the 
" Fahrenheit. During the year, January is on the 
i the coldest mouth, and July the hottest. In 

■ the northern temperate £one, the mean annual temperatnie 
I generally occurs about the middle of April and the middle 
f of October. The laws of the distribution of temperature 
I on the surface of the earth, may be thus expressed ; — 

,t diminishes from the equator towards the poles. 
Tlie rate of its diminution is materially modified by the 

■ lotion of aerial and of oceanic currents; also by the con- 
Iditions of continents, anil, relatively, the extent of land 

uid water. 

If the whole earth's surface were covered by water, or 
', with the absence of water, it presented a uniform sur- 
face, the rate at which heat would diminish would be 
uniformly regulated by latitude. 

The distribution of the humidity of the atmosphere ia 
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anotlier modiiyiDg cause. This depends upon the relative 
quantitiea of land and sea. From tlie latter, evaporation 
is nearly always taking place ; and condensation, in the 
form of rain, mists, and dew, is as constantly occurring 
over the land. The amount of moisture in tlie air is de- 
tected by instruments known as hygrometeTi ; the wood- 
cut (Kg. 193) representing Saumtre'a Jiair hygrometet'. 
A human hair, a, being Ireed from all grease, 
is made fast to a hook, and passed over a 
pulley fixed in a frame, and attached to a 
spring, B ; the pulley carrying the index c. 
As the hair lengthens or shortens, it moves 
the index ; and as it is a very hygroieopie 
body, it absorbs or parts with moisture very 
readily, There are many substances which 
alter in length with the variations of atmo- 
spheric dryness ; but the most perfect instru- 
ments for this examination are of the class of those already 
deaoribed at page 163. 

Some chemical compounds have the property, in a re- 
matkable degree, of absorbing moistare from the atmo- 
q>here, and these are often used for the purpose of drying 
the air in an experiment ; sulphuric acid and chloride of 
Bflldum being among the most hygroscopic substances. 

The science of climatology particularly embraces the 
phenomena concerned in the distribution of heat, and the 
wreral causes (many of them already alluded to) which 
determine the temperature of a country. Humboldt _ 
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first marked out, sctobb the globe, certain lines of equal 
annuel temperature ; these he called isothermal linet. 
This illustrious traveller also defined lines of equal mean 
winter temperature — iwchimenal Une», — and those of mean 
summer temperuture — isotheral lines. To give but one ex- 
ample of a hne of equal mean annual temperature, let aa 
take that which includes Loudon, or gives a mean tem- 
perature of 50°: it may be meutioued that, cutting the 
mouth of the Oregon, it crosses the American continent a 
Lttb to the north of Boston, curves upwards in crossing 
the Atlanticj passes over the southern portion of Ireland, 
through London, across the European continent in a 
slowly descending hue, posses a little to the north of the 
CaEpian Sea, acd over Asia to the north of Pekia. 

Thus, across the surface of our planet, we discover the 
variationg of heat determining the diatribntion of vege- 
table, and, to a great extent, of animal life ; this being 
dne to the caloric received as solar radiations. 

As the air increases in tenuity its capacity for heat be- 
comes greater, and hence the extreme degree of cold expe- 
rienced in ascending to great heights in the atmosphere. 
Eegulated by Jhis, we lave a certain lice of elevation, 
above which the snow never melts ; tiiia is called the mow 
line, or Utie i^f perpetual mote. This, of course, varieswith 
the position of the spot as it regards the apparent path 
of the sun, and the modifying influences of currents as 
regulated by the (hsposition of land and water. Pro- 
ceeding &om the north or south towards the equator, the 
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line of perpetual snow ccmstimtly ascends. The following 
are a few of the heights of the snow-line, as ascertained 
in various parts of the globe ; — 

CordiUera of Quito . . . 16,620 feet. 

Cordilleca of Bolivia . . , 17,070 

Coidiilern of Meiico . . . 15,020 

SiUdm IndiaD aide of tLe IUhibIhju 15,000 

The Thibetiau slope of the Himukjus 16,000 

CimcBsua 10.870 

Pyrenec3 8,950 

Alpe 8,780 

Carpalhians S,G0O 

Altai 6,4,00 

Norway, interior of . 5,400 

Nonraj, coast of . . . . 2,340 

The upper limits of Ihe snow-line cannot be ascertained, 
ance we ore not able to ascend to sach a height as to he 
beyond the limits of aqueous vaponi. Water must, how- 
ever, cease to exist in the atmosphere at no very great 
distance from the earth, as evaporation must be suspended 
by the absence of a sufficient amount of heat. 

At a certain depth beneath the surface of the earth, a 
line of equal temperatm'e prevails, there beingno altera- 
tion during the summer or the winter seasons ; tliis depth, 
however, increases as we proceed from the equator towards 
either pole, and this, called the chthonisotJiermal line, also 
takes the curves indicated by the form of the surface, — 
curving upwards under a mountain, downwards under a 
valley. With an increase in depth from the surface of 



36i HEAT, OR CALOniC. 

our plaaet, we hare a gradual increase of temperatiu'e ; 
the observationa which have been made in our deep 
mines giving the following results : — 

The meaa tcmpcratnrc of tile climate being BO" 
At 59 fathoms from the sm^ace the tempe- 

ratu« of the rock is . . 60 

At 132 fathoms .... 70 

At 339 fathoniB .... 80 

being an increase of 10" at 59 fathoms, or 1° in 35-4 feet, 
of 10" more at 73 fathoms deeper, or 1° in 43-8 feet j and 
of 10° more at 114 fathoms deeper still, or 1° in 64-S 
feet. By this is indicated an increase of one degree of 
heat for about every fifty feet of depth, to the depth to 
which these observations have been extended ; but it may 
be inferred, from a careful consideration of the rapidly 
diminishing rate of increase, that beyond a Mrlain depth 
no elevation of temperature can take place. 

If this subterranean heat was due to the influence of a 
ceiUrai fire (which has long been a favourite hypothesis), 
we should certainly have a reverse order in the rate of 
increase in thermic action, to that which has been ob- 
served. Every extended aeries of observations appears to 
contradict the hypothesis of a central fire, and to prove 
that the increase of subterranean temperature is due to 
the absorption of calorific matter by the surface, and the 
gradual conduction of it by the masses of the rocks to a. 
considerable depth. It is also found that rocks of dif- 
ferent characters vary at the same depths in temperature. 
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at wlintever depth the experiment has been made. In all 
probability, the veiy high temperaturea which are Icnown 
to eiist in certain localities, may be referred to the caloric 
liberated by chemical action. Volcanoes have been re- 
ferred to this cause; and, although the view which ia now 
generally entertained is opposed to this idea, there does 
appear to be so large an amount of evidence of u minernlo- 
gical character, which may be brought to support it, that 
it should not be too hastily rejected. 

The phenomena connected with the evolution of caloric 
under the influences of chemical action, appear rather to 
belong to that peculiar branch of natural philosophy which 
is embraced by chemistry, than to physics, using the term 
in its Etrict sense. The instances of spontaneous com- 
bastion which from time to time occur, however, involve 
both physical and chemical causes ; for the hrst action is 
due to the condensation of atmospheric air on the surfaces 
of the porous masses : by which a lai^e amoimt of heat is 
rendered sensible, and this sets up that slow combustion, — 
called erevmBausii by Liebig, or combination of oxygen 
with the organic matter, — which eventually passes into a 
more rapid state, producing actual fire. In the procest 
of respiration, and also in that of digestion, we have heat 
produced by a similar process; the oxygen combining 
with the carbonaceous matter of the animal system. 

Caloric, both solar and terrestrial, assumes a radiant 
condition, and in that state of mobility obeys the t 
laws as light : the inlemiiff qf radialiou dimmuhity a. 
tquore of the distance i> 
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^^M Erery one stsading at a distance from a n 

^^K metal, or even in front of a common fire, must become 

^^1 sensible of eahr^ rags passmg off into space from the 

^^B surfaces of the heated bodies. Different substances p 

^^p sent various degrees of power for emittmff, reflecting, ab- 

tor&ing, and fransmiltini/ rays of heat. These phenomena 

have been ably investigated by Leslie and Melloni, to 

whom we are cliiefly indebted for the present state of ooi 

■ knowledge of Thennotia, or the science of Eadiant Heat. 
If a concave metallic mirror, snchas « orjj(Fig. 194), is 
J V taken, and a 

a, or an iron ball 

4 made red-hot, 

be placed at a 

certain distance 

from its centra — 

that is, in its 

'-focus, — the r^ 

I'''Sl9+> are coUeeted in 

f the reflector, as shown in the drawing, and radiated off 

I from it in right lines. If we place a thermometer a 

I point a instead of the dame, the hot ball being ii 

focus of p, it will rise with great rapidity, showing the 

influence of radiant caloric. If we place a small piece of 

I phosphorus at a, it will be inflamed by the rays passing 

I from^ and concentrated by « upon that point. 

K, instead of the red-hot ball b, a lump of ice 
|;.fliere, the thermometer being at a, this inatnunent will 
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show a diminUliing temperatore, aa if cold had been ra- 
diated upon it; and tliis experiment has been, indeed, 
brought forward aa evidence of cold being a substantive 
entity. In this case, however, the warmer body — the ther- 
mometer — radiates in the same way as the red-hot iron did, 
and this heat is reflected upon the ice. 

Eodiant heat is propagated with extraordinary velocity. 
It does not appear to travel at the same rate as light ; but 
at about four-fiftha of its speed, or about 164,000 miles 
in a second of time. It is not so refrangible as light (as 
is already explained), and this is probably due to its lower 
rat« of progression. 

The power of any body to radiate, or throw off calorio 
from it, has beea investigated by Leslie in the following 
manner. A cubical vessel of block tin was procured; one 
side was brightly polished, another dimmed by scraping, a 
third covered with a glass plate, and a fourth blackened 
with lamp-black. The vessel was then filled with boUing 
water, and a delicate air thermometer placed at equal dis- 
tances from either aide. In this way Leslie determined 
the radiating powers of the following bodies to be ; — 



Lamp-blBcJ: . . 


100 


Red Lead . . 


Water (eatiraatcal) 


100 


Plumbago . . 




98 


Taraiahed Lead . 


Kimn .... 


96 


Clean Lead . . 


Cromi Glofis . 


90 


I'ulislied Iron . 


Chmolnk . . 


S8 


Tin, Gold, saver 


lee , . . . 


85 


and Copper . 
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A simpler form of the experiment waa made by Romford,. 

and similar results obtained. Veseela of similar shapes and 

I capacities were filled witli liquids at a known temperaturt^ 

and their rate of cooling noted. A blackened tin globe 

cjooled a certain number of degrees in 81 minutes; a 

I bright one took 156 minutes to cool to the same extent; 

a naked brass'cviJnder in 55 minutes cooled ten degrees, 

but when cased in linen it occupied 36^ minutes in losing^ 

I the same amount of beat. 

Bright vessels radiate heat feebly, therefore all vesaeli 

intended to retain tbeir beat should be of brightly polished 

metals ; and steam-pipes, if brightened along the whole of 

I their course, would lose much leas heat than they do, as 

mnonly used, in their rough and dark state aa 

} originally cast; and if blackened when they reach the 

I apartment they are intended to warm, the radiation would 

1 then be very great. In practice, however, radiation U' 

oaually prevented by clothing the pipes thickly with Mti-, 

e other bad conductor of heat. 

The power of reflecting heat varies as greatly as doei 

L that of radiating, with differetit bodies. The reflection of 

' heat takes place from tbo very surface of the body, 

whereas radiation is rather the consequence of a certain 

thickness of the superficial mass. The most complete 

reflection is that from bright metallic surfaces ; Leslie 

Sttppoaes the greatest reflection to be from brass, but 

I Melloni and Nobili fix mercury and copper as having the 

Miighest power for reflecting caloric. By using diflerent 



polished surfaces to reflect the heat of n common lire upon 
the face, we have an empirical method of arriving at ap- 
proiimate results as to their reflecting power. Leslie gives 
the following as the reflecting powers of a few aubstiinces : — 



Silver . 
■nn-toil 
Sl«d . 
Lead - 
Giles . 



lOO 



The abtorptioH of caloric varies with almost every form 
of matter; its molecular constitution, condition of surface, 
and colour, materially modifying the results. A very 
simple method of illustratiug this, is to take a sheet of 
window-giass, and blacken the half of one side of it ; place 
this in frout of a Are, the blackened side towards it ; after 
2 short time, if the hand is placed against the naked side 
opposite to tbc blackened portion, it will be found to be 
much warmer than the other part. Pranklin made an 
interesting experiment, by placing pieces of cloth of diffe- 
rent colours on snuw in the sunshine, and he found that 
the darkest pieces always sank the deepest into the snow, 
by the absorption of a larger portion of caloric 

By the experiments of Leslie and Ritchie — which have 
been to a great estent, but not entirely, confirmed by 
Melloni, — it is shown that the absorptive power of a 
body is inversely as its reflecting power, but directly as 
3 B 
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is its power of radiation. — Bodiet radiaiiHg heat gmcklg, 
become sooner heaied tehen exposed to caloric radiatitm, 
Oim those bodies lehicA radiate slowly. Upon this fact is 
established Prevost'B/A«»yo^ ewcAon^e*, or, inotherwords, 
the estension to heat, of the theory of the equilibriom of 
forces, which appears to hold true for ever; coaditian ti 
physical phenomeDa. 

Upon a considcratLon of these facts, it wiU be evident 
that every substance in Nature is, according to its mole- 
cular constitution, and surface conditions (as it regards 
mechanical structure and colour), constituted to be for 
itself a taeasurer of the quantity of caloric which it alialL 
absorb, and of that which it ahull retain. Hence, dnring^ 
the day, every differently coloured flower in the garden, 
the grassy bed and the gravel walk, every variety trf 
metal, or wood, or stone, exposed to solar influences, will 
present a different temperature ; and during aight, as these 
bodies part with their caloric at different rates — radiate un- 
equally — they will exhibit varying degrees of coldness, and 
imetjually condense upon their surfaces the dew of evening. 

Mr. Sis first pointed out, that on clear and dewy nights 
he always found the mercury lower in a thermometer laid 
on tlie ground, than in a similar instrument placed six feet 
above it. Dr. Wells subsequently followed up this in- 
vestigation, and published an essay on the phenomena of 
dew, which will always be regarded as a pattern of indu&-' 
live philosophy. 

Sew is caused by the condensation of the moisture 



1 
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pended in the air, upon any stirfacea colder than the aii 
with wMch it is mixed. A glass of cold water is broiigbt 
into a warm room, and it yery quickly becomes covered on 
its outer surface witb moisture, condensed from tbe sur- 
roundinir ntmospbere. Tboee bodies which radiate caloric 
with tbe greatest rapidity, cool the quickest, and hencd 
are covered with dew sooner than substances which ra- 
diate slowly. A very few degrees of diffctenoe of tempe- 
rature are sufficient to determine the deposition of dew ; 
therefore it will be understood, that any causes interfering 
with nocturnal radiation will very quickly determine its 
condensation, or the contrary. Thus, the formation of 
douds, by obstructing radiation from the earth, or rather 
by rodifltiug heat back to the earth, and estabUshing nu 
equilibrium, prevents the surface from coohng, and the 
formation of dew is retarded. 

Since all edges and points part with their caloric more 
freely than other portions of the same surface, we lind these 
are always the first covered with dew or hoar-frost. The 
following quotation from Ur. Wells on Dew is liighly in- 
structive : — 

" I had often smiled, in the pride of half-knowledge, at 
, the means frequently employed by gardeners to protect 
tender plants from cold, as it appeared to me impossible 
that a thin mat, or any such flimsy substance, could pre- 
vent them from attaining the temperature of the atmo- 
sphere, by which alone I thought them Uable to be injiued. 
But when I had learned that bodies on the suiface of the 
3b2 
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earth become, duiing a still and serene night, colder thaa 
the atmosphere, by radiating their heat to the heavens, I 
perceived immediately a just reason for the practice whicb 
I had before deemed oseless. Being desirous, however, 
of acquiring some precise Information on this subject, I 
fixed perpendicularly, in the earth of a grass-plat, fois 
small sticks ; and over their upper extremities, which 
six inches above the grass, and formed the comers of< 
a square whose sides mere two feet long, I drew tightly 
a very thin cambric handkerchief, fn this diapositio 
things, therefore, nothing existed to prevent the 
passage of air from the exposed grass to that which 
sheltered, except the four small stieks, and there was 
substance to radiate downwards to the latter gras9 except 
the cambric handJterchief. The sheltered grass, howevefj 
was found nearly of the same temperature as the air, while 
the unsheltered was B°or more colder. One night the 
fully exposed grass was 11° colder tlian the oir; but th»' 
sheltered grass was only 3° colder. Hence, we see tlie 
power of a very slight awning to avert or lessen the in-: 
jurious coldness of the ground." 

Solar radiations of caloric, and those from terrestrial 
sources, present some remarkable differences : this mayi 
be illustrated by Dr. Prauklin's experiment. A piece 
black cloth placed on snow in the sunshine rapidly sinks 
into it, by becoming warm from the absorption of caloric 
If, however, we screen the black cloth from the direct rays, 
and reflect them from a metallic mirror, a couLrary effect 
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will take place, and the snow around the cloth will melt, 
and leave it standing upon a column of snow. The 
cause of this has not been satisfactorily explained. Dela- 
roche has also shown that the rays from an ordinary 
fire will not permeate a sheet of transparent glass, which 
offers but little obstruction to the passage of the solar 
heat-rays : but if the fire is excited up to a white heat, its 
radiations pass the glass freely; and those which have 
passed one sheet of glass, very readily permeate a second. 

Transparent and variously coloured bodies have diffe- 
rent degrees of transparency to heat, Melloni has proposed 
a nomenclature for this branch of the science, which is 
useful as a means of correctly marking^ effects. Blather' 
nuuy (firom dm, throuffh, and Bep^icuo, to heaC) being em- 
ployed to express calorific transparency ; and Adiather- 
masy, to signify calorific opacity. 

Gaseous bodies and a vacuum are perfectly diathermouSy 
and the following bodies have difPerent degrees of diather- 
nuuy: — 

Transparent rock-salt transmits, out of 100 
calorific rays 92 



Hint Glass 

Calcareous Spar . 

Crown Glass 

Green Tourmaline 

Sulphuric Ether . 

Crystallized Sulphate of Lime 

Alcohol 

Alum, crystals of 

Water 



67 
62 
49 

27 
21 
20 
15 
12 
11 
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I It has already been mentioned tbnt black mica, obsidian, 
' and black glaas, are opake for light, lint transparent for 
\ heat ; that glass stained with oxide of copper in oombina- 
I tion with a layer of water, though perfectly transparent for 
I light, is opate for heal, or adiatherinic. Among coloured 
I fluids similar differences, inany of them, of a most remark- 
I able character, may be detected ; and upon the study of 
I these Melloni has founded a new branch of acienee, which 
he terms TkennocliToohgy (from flepnij, lieat, xpoa, coUmr, 
I and \6yo7, discourse), or, the doctrine of coloured heat. 
' It is found that fluids of diflerent colours cool unequally: 
I a yellow- coloured fluid always freezes before any other, 
' apd it is the last to be wanned by calorific radiations. 
This delicate branch of science is, notwithstamling bU tbot^j 
Melloni has done for it, open for a very estfinsive and^ 
. searching examination. i 

In connection with this class of investigation may be- 
, included the phenomena of tJiermography, or the dellnea- 
' tion of a design upon one surface on to another with whidi it 
I ia placed in juxtaposition, even in the dark. These curious 
results were attributed, by Professor Moser, of Kcirngsberg, 
, to ixvigiiik light ; hut my own researches have most fully 
I proved that these images are entirely dne to thermic ra- 
I diations. I found that, to obtain a good image, the super- 
posed body must be composed of a different material from 
the impressed plate. I placed upon a plate of copper, bine, 
I red, and orange-coloured glasses, pieces of crown and flint 
I glaas.mica.andnsqmireoftracingpaper: these were allowed 
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n contact for half sn hour. The space occu- 
P by the red glaaa, when the piate whs subsequently 
i to the action of vapour, was well nmrked ; that 
ooTered by the orange less distinct ; hut the hluo glass 
left no impression ; the shapes of the flint and crown glass 
were well made out, and a remarkably strong impression 
where the crowa glass rested on the tracing-paper; but 
the mica had left no trace of an unpressiou. !For an esteu- 
aive set of shnilar experiments, the reader is referred to 
the author's ' Researches on Light.' 

Heat, it has been seen, obeys many of the laws which 
regulate the motion of light. It is reflected and refracted 
after the same manner; and is ausceptible of that very 
remarkable change of state wliich ia kBown hy the name 
of polarization. The esplanatioa of this is difficult, re- 
quiring a prcTious amount of scientific education on the 
part of the reader, in this particular department, which 
cannot in nil eases be espected. The phenomena of polari- 
zation will be more fully dealt with in the nest section, 
the phenomena of luminous polarization bemg of a more 
striking character than those of heat. It may he descrihed, 
in general terms, as a power of turning the ray of heat 
haJf round ; and it is regarded as proriug that the influence 
of the lateral vibratiotw are diflerent from the onward 
waves in calorific propulsion. 

The engraving (Jig- 195) represents the arrangement 
of MeDoni's thermo-electric pile, as given in Miiller's 
The pUe of bismuth and antimony, carefully 
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I blackened at both ends with lamp-black, is placed atji; 
\ the coyeringB a, 6, serving to keep off currents of air, and 
icreeii from lateral radiations ; c is the galvanometer ; 




Pig. 195. 

I /, d, en arrangement for adjusting the astatic needles, and 

», the binding screws which connect the wires g, i, 

which are also connected with the two ends of the pile. 

L at r, ^ i riin stand upon which any transparent screen 

is placed; i, e, and o, show tbe sources of heat and the 

ms of reflecting or radiating it; the other stands being 

' merely acreena which can be used at any moment neces- 

' sary, for cutting off the raya easily, and thus, by allowing 

the needles to return to zero, to repeat and correct any 

I set of experiments. By such an arrangement as the 

above, the Itahan experiment aUst has been enabled to de- 

tenniue with great accuracy the amount of heat radia- 

I tioDS which will permeate transparent bodies, the influence 
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of colour, and the very beautiful phenomena of calorific 
polarization. 

One other condition of heat alone remains to be men- 
tioned. Boutigny ha3 shown that bodies exposed to verj 
high temperatnres do not obey the ordinoTj lows with regard 
to caloric. Thns, water projected info a red-bot cnicible 
will not boil so long as the red heat is maintained; the 
, highest lemperature to which it will arrive being about 
130° Pahr. Spirits of wine and ether evaporate less 
rapidlj in intensely heated vessels than in snch as are 
much colder. If a metal sieve ia made red-hot, and water 
poured into it, the water will not flow through it so long 
as the wires continue incandescent ; allow them to cool, and 
the fluid rushes through the meshes with great rapidity. 
This has been called the spheroidal date of bodies, from 
the cireumstance that all fluids form themselves, when 
projected into incandescent yassela, into spheroids, and 
roll about with n very peculiar motion. 

At high temperatures even chemical action is suspended: 
adds and aUtnlies may be thrown together into an intensely 
lieated platinum crucible, they will not unite, but, forming 
themselves into separate spheroids, they roll around, sin- 
gularly repelling each other. Pollowing out this very 
remarkable class of investigations, M, Boutigny, and Pro- 
fessor Plucker, of Bonn, have shown that the moisture on 
the sIqe ia sufficient to protect it from the influence of 
intensely heated masses. Thus, liquid iron flowing irom a 
furnace may be cut with the naked arm ; and the hand 
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I may be plunged into baths of melted bronze — provided 
I tboy are maintained at a degree of lieat auifidently elei 
I vated — without any injury. Fiom these reaulta it would 

appear probahle that caloric passes into a purely radiani 

state at sery high temperatures. Uttder intense d^rees ti 
I escit^ment, it ceases to produce the effects of heat as tliq 

are ordinarily fcnosvn to us ; a new condition is produced. 

The decomposition of water by heat, as effected l^j 

1 Mr, Grove, appears to he an exemplification of a aimilai 

condition to that of the spheroidal state. A. metal oxi 

dizahie with difficulty — platinum — is made white-hot, in 
. contact with water, or melted and dropped into that fluid 
' The result is the liberation of a gas, which is found, up«i 
' examination, to be oxygen and hydrogen, in the eiaot 
I proportions in which they form water. Here, catorit 

breaks up the chemical nflinity which holds the gases conU 
I biued as water; and in the experiments of M, Boutigq 
nd it entirely preventing the exercise of affini^i 
I Physical phenomena of a most novel character, demandinj 
earching attention of the experimental phUosoph* 

are involved in those new discoveries, which prove thai 

matter may be made too hot to burn. 




CHAPTER Till. 

LIGHT AND ACTINISM. 

Tub cause producing Inrainoiia plienomena ia, notwith- 
standuig the extensive esperimental investigations which 
have been prosecnted in this department of physical 
adence, atill involved in considerable douht. The New- 
tonian theory supposed light to be a positive entity, 
emitted in iniinitely fine particles from the sun, which 
travel to the earth and the other planets with enonnoua 
velocity. The theory of Hnj'ghena, ivhicii was tendered 
more inteUigible by the genius of Dr. Young, and which 
has since his time been very generally received among 
philosophers, supposes the existence of an imponderable 
medium disseminated through the universe, and interpe- 
netrating all kinds of matter. The evolution of 
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thouglit to be due to undulations, or wave-movements, 
through this ether. AVhat hns been already said in rela- 
tion to vibratory progresaion in the case of sound, applies 
equally to the undulatorv hj-pothesis of light. Another 
theory, referring all luminous phenomena to dectrical 
influence, has been propounded ; but it has not been 
deemed satisfactory. 

Every experiment in physical optica appears to prove 
that the mode of progression is undulatory ; hut it must 
not be forgotten, that the assumption of an imponderable 
ether is unsupported, of necessity, by any real evidence. 
The mathematical investigations of the phenomena of 
light, certainly go to support the views entertained by 
Huyghens and Young. The researches of Presnel, Fraun- 
hofer, Herschel, and others, show that a large number 
of facts can be esplaioed upon the undulatory hypothesis : 
at the same time a great many very remarkable pheno- 
mena are by no means elucidated ; and the corpuBcular 
theory of Sir Isaac Newton, developed by Laplace and 
Biot, and supported by Brewster and Brougham, is capa- 
ble of aifording an explanation of some luminous effects 
which do not appear to be the result of undulations. 

Lord Brougham has been lately engaged in the invra- 
tigation of a class of phenomena which was first noticed 
by Grimaldi — the production of coloured fringes around 
the shadow of an opuke body. These researches show 
that a ray of light is bent out of its right line, whenever 
a solid body (aa a knife-edge) ia made to cut the edge of 
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the beam. The action of solid siufacea upon fluids and 
gases has been ah^ady mentioned ; and it would appear 
that in a similar manner they possess the power of ai- 
tracting, or condeudng, as is shown by bmidingt tlie ray out 
of ita path. The experiment is a veiy delicate one, re- 
quiring very perfect apparatus ; but the result is undeni- 
able. Lord Brougham has shown that when a ray is once 
bent inward by the knife-edge — wj!exed,—\i ia no more 
capable of licing inflected, it has undergone a very re- 
markable change ; in the same manner, if a ray is repelled 
by a solid body — deflextd, — it can be no further deflected 
by the interposition, on the same side of the ray, of any 
solid Bubatanee: — certainly these results appear to indicate 
tlie existence of an e:iceediagly re^ed form of mutter. 
Whether it may emanate from the ami, or merely be ex- 
cited by the influence of some solar force, are questions 
which, are yet to be resolved by the researches of the ex- 
perimentaUst and the reasonings of the philosopher. 

Light renders external objects visible by radiating from 
their surface the luminous agent, which, by exciting the 
nerves of the optic organ, conveys the sensation to the 
brain. The eye is 
a most beautifully 
contrived appara- ', 
tui. It is nearly I 
spherical in form, 

J 1 Fig. 1B6, 

and composed, in " 

efirat place, of a tough and opake membnme, b b, called 
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h the icleroHe coat, constituting the white of the eye ; lining 
a the choroid tMm&rane, which terminates near the 
1 a series of filaments, forming the ciliary ligament. 
\ The cornea, s s, is an esceedingly tough membrane, al- 
[■ though dear and transparent : — it is firmly united to the 
f iclerotic coatj fixed into it, indeed, like the glass into the 
if a watch, and supported by several adhering layers. 
In the centre of the cornea is a circnlar opening, the ptipil, 
and within it is, c c, the eri/atalline lens, a transparent cop- 
sule containing (he vitreoua hianonr. Within the choroid 
, coat is a very delicate black pigment, and immediately 
b within this ia the rditia, which forms the innermost coal- 
W ing of the visual cliamber. The retina is a delicate retlcu- 
■ lated membTauc, which appears to be an extension of the 
I optic nerve. The retina has usually been regarded as the 
I. teat of vision -, but Muriotte, who discovered that the base 
I' of the optic nerve was incapable of impressing any sensa- 
I tiou of light on the brain, is disposed to believe that the 
m- choroid coat is rather to be considered as such ; particQ- 
1; larly as where there was. no choroid coat, there, he di&- 
I covered, was no distinct vision. 

I Without entei-ing into the refined considerations which 
I belong to the physiology of vision, we may safely dedda 
that the images of externa! objects are painted on the 
[ retina. This may be proved by taking the eye of any 
I recently killed animal, and cutting a small hole in the 
I upper part of the ball, looking in upon that delicate mem- 
■fcrane. It will be seen that the meclium'eiil arrangement 
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of the optic oi^n resemblea in many particulars the 
eameia obscura of Eaptista Porta. Tliis instrument, in 
its original stat«, was nothing more than a dark room, 
with a very small opening, into which was fitted, a lens. If 
we make such an arrangement, and hold, a few feet behind 
the holej a sheet of white paper, a very perfect image 
of aay estemal object will be delineated upon it, aa shown 
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Pig, 137. 
in the annexed woodeut. The usual mode of constructing 
the camera obscura, is to pkce a lens in an opening made 
in a durk bos ; and where it is intended that the effect 
should be cibibited to severjj spectators at once, a mirror 
is placed at the termination of a tube oa the top of a dark 
room : the mirror, being placed at an angle of 45° to the 
horizon, reflects the landscape down through a large lens 
on a table, the concavity of which agrees with the con- 
vexity of the lens. 

In the eye is formed a similar inverted image, and, 
relatively to the intensity of its light and colours, a degree 
of irritation or excitement is set up, by which the sensa- 
tion is conveyed to the brain. Sir John Herschel has 
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Bpeculated on the probability that the senaltiTe table of 
the eye is tn a similar condition to the sensitive surface 
a daguerreotype plate, upon which a photographic 
picture is irapreased by the radiant power; that a kind 
of chejnical change takes place, possibly in the pigment 
lining the choroid coat ; and that, during this chemical 
change, a physical effect is produced in the organ of 
sensation. 

Much diibculty has arisen in attempting to exphuu the 
phenomena of erect vision, and of single vision with a 
pair of eyes. The usual argument relative to the iirsL 
fiiculty is, that although the images formed in th(! eye 
e inverted, thL-y are conceived to be erect from the 
I circumBtance that everything baa always been viewed 
I under the same conditions. This mode of reasoning 
I Deceasarily involves the idea of a. supplementary scat 
vision, which sees the images on the retina; we have no 
evidence of any such, and it appears quite unnecessaij 
that such an arrangement should exist. It must be n- 
membcred, that the sensation conveyed to the brain &om 
that organ on winch the actual picture is painted by light| 
is more of the character of mechanical impulse : the de- 
licate nervous tilaments are more or leas escited aocordiug' 
to the degree of b'glit, and consequently to the intenai^_ 
of colour ; and this produces, by some mysterious proccflB^ 
a sensitive action, through which the mind receives ■ 
correct impression of external objects. It may be objected 
to this view, that it does not explain all the pheuomena 



LIGHT AND ACTINISM. 385 

which are associated in optical perception. We are, in 
the act of seeing, made conscious of the pre»ejtee of an 
object, sensible of its form ; we aee the three dimensiona 
— length, breadth, and thiekaesa, — and we faithfully ap- 
pretnate its me, colour, motemeni, and distance. Some of 
these are the result of habit ; we are, indeed, lauskl to 
estimate the distance of a body from the eye. All the other 
points admit of explanation under the view taken, as they 
all produce variations in the quantity of light which ex- 
cites those material organs to which the property of seeing 
beiongB. The second question, as to single vision with a 
pair of eyes, appears to be answered by the fact, that the 
optic nerves intersect each other at a certain point, and, 
therefore, from tliat point a single impreasion is conyeyed 
to the brain. 

The stereoscope of Professor Wbeatstone familiarly 
illustrates this. This instrument consists of two mirrors, 
the backs of which are inclined to each other at an angle 
of 90°. It will be obvious that if two pictures of the same 
object are placed at a little distance in front of the 
mirrors, we have two reflected images. If, however, we 
bring the nose close to the edge at which the mirrors 
are united, and thus look with an eye into either glass, 
the two are resolved into one ; and the resulting image 
appears of three dimensions. This is very completely ef- 
fected if the precaution is taken of preparing the drawings 
so that they represent the object as seen by either eye. 
we look at any object first with one eye and then with 
a c 
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the other, we shall conrince onrselvea that we do not af 
exactly the same set of lines, at the same distances bom 
each other. If we place two candles, for esample, 
such a position, that wheu they are looked at with the right 
eye, one covers the otherj we shall find whea we close the 
right eye and look at them with the lefl, that the hindet 
candle is no longer screened by the front one, but willbC' 
seen about ao inch to the left of it. 

We may produce double vision if we so set the eyei 
that their axes may meet either beyond or before t 
object. On this snbject Sir David Brewster, who li 
devoted much nttentiou to tlie exami nation, writes— 
" Although an image of every visible object is formed 01 
the retina of each eye, yet when the two eyes are oaptUe 
of directing their axes to any given object, it always vf 
pears siugle. There Is do doubt that, i 
really see two objects, but these objects appear as on^ 
in cousequence of one exactly occupying the same pla 
as the other. Single vision with two eyes, or with ai 
number of eyes, if we had them, is the necessary o 
quence of the law of visible direction. By the action ol 
the external muscles of the eye-balls, the axis of each qv 
can be directed to any point of space at a greater die 
tauce than four or six inches. If we look, for exampli 
at an aperture iu a window -shutter, we know that a 
image is formed in tSch eye ; but, as the line of visibk 
direction fi-om any point in the one image, meets the lint 
l.'frf Tiaibk daeoHon from the same PDJBt in the 
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initigG, each point (vill be seen as one poiot, and, conse- 
quently, the whole aperture seen by one eye will coincide 
with, or cover, the whole aperture seen by the other. If 
the axes of both eyes are directed to a point beyond the 
window, or to a point within the room, the aperture will 
then appear double, because the line of visible direction 
from the same points in each image do not meet jit the 
aperture. If the muscle of either of the eyes is unable-to 
direct the two ases of the eyes to the same point, the 
object will in that case also appear double." The ina- 
bility of one eye to follow the motions of the otherj is 
frequently the cause of sira/tismns, or squinting; this 
may be the result of habit, of imperfect power in one 
tsjd, or of some defect in the muscular raovemeata. The 
cure of squinting is to be effected by constantly directing 
the eye in such a manner that tbe axes shall coincide. 

Every impression, according to the intensity of its 
dfects, remains for a certain length of time on the retina, 
and a measureable period is necessary to prodnce the im- 
joeasion. If, when travelling at great speed on a railroad, 
we look at any distant objects through railings or upright 
poets placed by the side of the road, although those 
opake bodies continually obstruct the sight, they produce 
no effect on the eye ; the whole appears transparent, and 
the distant country is as distinctly seen as if these had 
not been ioterposed between it and the eye. If we fake 
a large disc of metal, and fix it o« an axle with siu?h ad- 
pnta that it can be made to revolve with great speed, 
2c2 



and tiMugh a very small slJt made in one part of the disc, 
look at a candle, or any bright object, it will not diMp- 
pear when the disc reyolves at its high velocity ; although 
io large a portion of the opoke metal for some time pre- 
vents the passage of the light to the eye. NumeroiK 
limilar experiments may be tried, all of which tend to 
prove that a certain period of time is necessary, after the 
eye has been excited, for it to recover its original state of 
rest. The persistence of impressions on the retina, hafr 
proved a. very favourite field of investigation. M. D'Arcy 
foand that the light of a glowing coal, moving at the dis- 
' tance of 165 feet from the eye, maintained its impressioik 
OD the retina during the seventh part of a second. 

Light is produced under aeveral different conditiona. 
The sun is, to this earth, the most remarkable source of 
the luminous principle ; and the Ught of the fixed stars 
appears to be of a precisely similar nature to that which 
we receive from the centre of our aystcm. 

Under the influence of chemical change hght is 
veloped, as in the processes of ordinary combustion ; — ^tho 
light from burning coal in onr fires, the light of lamps^ 
ignited gas, or candles. By electrical excitation, light d 
great intensity is produced ; but notwithstandmg the at- 
tempts which have been made to apply it usefully, there 
appear to be but very small grounds for hoping that 
these may prove eventually successful. The irregularity 
, in the illuminating poi^r, the want of diffusion in 
* light, which, notwithstanding its intenBity, occasions k 
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Toy rapid decay of radiatioiiB with distance, and tbe 
expense at which it is produced, appear to stand ia the 
way of the useful introduction of the electrical light. 

By friction, heat is produced, and wheu a certain tem- 
perature is obtained (abont 1,000° Fahr.), the bodies 
become luminoua ; but there are some in which the phe- 
nomenou of phosphorescence is produced at a very low 
temperature by attrition. 

Phoaphotcacence, — resulting from electricity, from the 
inQuences of the solar radiations, and from animal excite- 
ment, — must be regarded as another, and a peculiar, con- 
dition of luminoua excitation. 

Light renders all eitemal objects visible, its rays being 
reflected from the aujface to the eye, the amount of light 
refiected depending on the structure of the surface and 
its colour. Some bodies arc diaphmoua, or transparent 
to light, as the air, water, glaaa, &c., but no perfectly trans- 
parent body exists : any substance which allowed all the 
light to pass through it would be inyisible. If we let 
a pencil of tight into a dark room, so that it falla upon a 
Teasel of water, a considerable portion of it will permeate 
it, but some will be reflected back from the surface. 

Light is propagated in right lines from every luminous 
point, every such liue being called a ray of light. That 
light moves in undulations appears highly probable ; but 
because a wave motion is admitted, it does not follow that 
the theory of ethereal undulation, as the cause producing 
luminous effects, is adopted. In the present state of the 
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inquiry, it appears most important, notwithstanding the 
array of names is favour of the theory of vibration, to hold 
the judgment suspended. 

The degree of ilhiminaiing poieer of any body depends 
upon — the intensity of exciting power in the luminons 
body, — the distance of the illuminating body, — the amount 
rf absorption which the rays undergo in traversing the 
intervening media,— and the angle at which the rays fall 
upon the surface. 

The illumiiiuting power of the planets, the Earth being 
1, is as follows : — 

Earth .... 1-00 , 

VaauB .... aOO 

Mercury, B^OO 

Man ... - 0-44 

Jupiter .... O-Ol 

Satnra .... O'Ol 

Draaus .... 00025 



It will be understood that these illunuuating powers of thtt 
planets depend upon the distance these orbs are from ths 
sun and from our own earth. 

In artificial light, the illuminating power is in 
ratio to the quantity of solid matter which changes fonn. 
Pure hydrogen gas has a very small illuminating power ; 
but if, by passing it througji any fluid containing carbon, as 
naphtha or spirits of turpcutiue, it is made to take up a 
portion of this element, it burns with great brilliancy. 

The intensity of light is measured by phoiometeri. 



These are of very various conatructions, but none of tbem 
appear to answer their intentions perfectly. A very simple 
contrivance, by which the relative illuminating powers 
may be ascertained, is, to allow the shadows from a single 
object to fall upon a. white screen, and then remove the 
sources of light from or towards it, until all the shadows 
are of the same depth : the distances at which the illumi- 
nating bodies arc from the screen, express the relative in- 
tensity of the light of each. 

The sun produces the most intense light of any body 
with which we are actiuainted. Dr. Wollaston calculated 
that it would require 30,000 millions of the brightest 
stars, such as Sirius, to equal the light of the sun, or 
that that orb must be 1-10,000 times farther from us than 
he is at present, to be reduceti to the illuminating power 
of Sirius; the same authority has determined that moon- 
light is 301,072 times weaker than sun-light. 

Bomcr found, from observations on the occultation of 
one of Jupiter's satelhtes, that light moves through spaco 
at the rate of 192,000 miles in a second of time; and 
Sir William Herschel has calculated that it travels in a 
vacuum with a velocity equal to 193,500 miles in that 
period. Light takes eight minutes and thirteen seconds 
to come from the sun to our earth, and nearly three hours 
to travel from our planet to Uranns. The following cal- 
culation has been miide, to famiharize the mind with this 
high velocity. Light moves through a space equal to the 
circumference of our globe, in the eighth part of a second : 
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a flight wliich the swiftest bird would not perform in three 
weeks. A locomotive engine on a railroad has travdied 
rather more than a mile a minute ; now it would reqiiire 
137 years to go from our earth to the sun at that speed; 
and yet the illuminuting rays pass from that orb to us in 
a little more than eight minutes, 

M. Fizeau has determined the velocity of artificial light 
by a very iugenioua contrivance. A disc, carrying a 
certain number of teeth upon its periphery, was made to 
revolve at a known rate ; placing a tube behind these, and 
looking at the open spaces between the teeth, they become 
less evident to sight, the greater the veloci^ of the 
moving wheel, until, at a certain speed, the whole edge 
appears transparent. The rate at which the wheel moves 
being known, it is easy to determine the time occupied 
while one toolh passes to take the plaee of the one next 
to it. A ray of light is made to traverse many miles 
through space, and then pass through the teeth of the re- 
volving disc. It moves the whole distance in jnst the 
time occupied in the movement of a single tooth to 
the place of another at a certain speed ; this method gives 
a very close approximation to the results obtained by ob- 
Bcxvation on the moons of Jupiter, or on the alierration of 
light. 

By aberration is meant the difference between the lesl 
and the apparent places of the stars. As the light is 
proceeding from them, the earth is moving onward ; conse- 
quently, they appear to be rather more baekwaid than they 
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[j are in the direction of tlie earth's annual motion. A 
pretty experiment, proving the velocity of light, is to 
paint the primary colours on a disc, which is made to revolve 
BO rapidly, when connected with a multiplying wheel, that 
the colours are completely blended ; neither of them being 
enabled to produce an imprcsaion on the retina. While 
the disc is revolving at this high velocity, a brilliant spark 
ia taken from a Leyden jar, so that the disc is illuminated 
by it, and it then appears to stand nearly still. The 
rapidity of the b'ght is anch, that the colour a cannot 
diange to the pIsco of the colour 6 nest to it, during its 
passage, notn'it.hstanding the immense speed at which 
these colours are moving. 

The science of Optica divides itaelf into two parts ; — 
Oatoptric), or the laws of reflection ; and Dioptrics, or the 
laws regulating transmiaaion. 

Any substance reflecting bght is called n speculum, or 
mirror. The latter term is usually applied to glass which 
is covered with quicksilver on the back, or on which an 
actual coating of silver is precipitated, as is now sometimea 
effected; the name of speeulnm being applied to metaUic, 
miiTois — these are made of either silver, or steel, or a mix- 
tnre of tin and copper, They may be either ^iww, eoneane, 
at anwex. Whenever a ray of light falls upon any surface, 
whether curved or plane, the angle of its reflection ia equal 
to the angle of its incidence. 

In plane mirrori, reflection only inverts the incident beam 
of light, shiiting ita point of conver^c^^^vOTM^Jo 
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ft the opposite aide of the mirror. The reflection from curve 
fniirrore requires a more particular attention. 

In eoncavf mirrorv, any rays wLicli fall upon their surface 
I are reflected to a courerging point, at Tariahle distances in 
f front of the mirror, according to its curvature and to the 
i direftioQ of the rays impiiigliig upon it : this ia called its 
* (or fire-place). Such mirrors are employed for con- 
I oentrating the snn's heat-rays to a point, by which means 
I the most intense caloriflc action can be produced: these are 
I called burning mirrors. 

The image of any object at some disCanoe from the 

nirror is represented in its focus, and by this m 

I unmeroua tricks of natural magic are produced. A 

ave mirror ia hidden from the observera, while opposite 

it, also hidden, but strongly illuminated, is placed some 

I striking object ; this is reflected to the focal point, and 

it were, painted on air. These p&fftkal spe 
L may he rendered exceedingly eifective. 

a source of light is placed in the focua of a concavft 

I mirror there will be no image, but a brilliant reflection 

L parallel lines from every point of its surface. Of this kind 

e the reflectors in lighthouses ; of the former variety 

e the specula of reflecting telescopes and some optical 

I instruments. 

All the rays which fall on the surface of a convex mirror 
L will diverge on being reflected. The image seen in a 
I cave mirror is always magnified, whereas in a eonves 
1 very considerBibYj reiossed. Tfee tociiB of a co 
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mOTOt b an inuigiaatT pobrt bdiBd Ike ma&ee, alied the 
virtttalfoaa, at which point otqects an aeen. 

We hare now to oocaider that sectioii of t^itical sdom 
distingtiished b^ the tenn Dit^tna, and whidi tieats of 
the prt^ess of light throngh tranqtarent bodies. 

When a rny of light passes out of air into vater, or 
even from spirit into that fluid, or from irater into oil, it 
is seen to deviate from the right line, it undergoes f^rae- 
Hon (a term signi^ring bretdcMg had). If a rod is placed 
upright in still nater, it appears beat, and sotaetitnes eiea 
broken, owing to this peculiarity of the hunioous lavs. 

The law of refraction may be discovered in the followiDg 
manner. Fig. 19S represents tvo media of different 
densitj' — air and water. Let ' 
a lay, a b, fall obliquelj opon I 
the surface of the fluid, it is I 
refracted, and defiecteit :: " - 
the line bum b ia f. 
called the point of bid-' 
li ri is the perpendicular, c a 
the sine of the angle of inci- 
dence, and d a the sine of the :i\.-. ^ ilie 
ratio of the first to the last being thi^ riitio of the rjv's 
refraction. When light passes out of a rare into n denser 
medium — as from air to water, as in the esnmple given — the 
angle of incidence is greater than the angle of refraction ; 
but when it passes from a dense into a rare medium, as 

B water into air, the ande of iaddeacfi vt Veu Mgo^^ml 
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I sugle of refraction. The ray of light is bent towards the 
perpeiidicular m the first caae, and from the perpendicular 

I in the latter exampk. 

A pleasing mode of illustrating this, is to place a silyer 
win, m, at the bottom of a basin (Fig. 199). The rays, 
proceeding to the eye from the silver surface, render the 
coin visible. The point a — the eye— is then, moved farther 
back, so that the edge of the baaiu ohatructs the direct rays, 
and of course the coin is no longer seen. If an attendant 
carefully pours water into the basin, so that the object 
not moved, it will presently, as the water rises in tl 
hami, become again visible. This arises &om the refrac- 
tion of the rays by the water ; the image, indeed, appearing 

ustead of at m. 
It is owing to this 

I ' that the depth of the 

I bed of a pond of pel- 
lucid water appears 

I much less than it 

Different substances 

■e different rcfrart- 

mg powers, but no law has yet been discovered by wM 

these appear to be regulated. It would appear that densB I 

bodies have a greater refractive power than those which I 

nore rare ; bat ehemica! composition materially in- 1 

I fluenoes refraction, and Sir Isaac Newton inferred that the I 

[ diamond must be a combostibk ^d-^ fetta its very high;] 
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refracting power ; inflammable bodies refracting light more 
strongly than those which ore non-inflammable. The fol- 
lowing table eihibits the indices of. refraction of a few of 
the more remarkable bodies ; — 
Vwnnm . 



AtmoEphenc Air 
Water , 
Crown Glaaa 
Flint Gl&sa 
SolphiiT . 
PhoBphomi 
Diamnnd . 
Chroniate of Lead 



According to the. undulatory theory of light, refraction is 
due to an alteration in the velocity at which the ray of light 
tniTels. According to the corpuscular theory, it is ac- 
counted for on the supposition, that different substances exert 
different attractive influences on bodies coming within their 
influence : — a highly refractive medium is supposed to exert 
a strong attractive force, while a weaker force is exerted 
by those in which the refractive power is less. Something 
lite this is shown to prevail when a rayof bght is bent over 
the edge of a solid body which cuts the line of its path. 

The inftuecce of atmospheric refraction in prodnciug 
twilight has already been uoticedfpage 136). Allthephe- 
luimena of the mirage are due to the same cause. Objects 
which are not ordinarily visible, appear to float upon the 
air; and, freqaeaiiy, inverted images o^ ftveni. rae wsn, aa. 



^ 



though the refraoted image was reflected in an under 
atratum of air. Captain Smresby has given several veiy 
remarkable examples of these phenomena, in the Arctie 
regions; ahips, a considerable distance beyond the visibto 
horizon, being seen suspended in tliin air. Many of the 
appearances which superstition has clothed with aU the 
robings of a wondering imagination, are to be easily ex- 
plained on the known laws of refraction. The Fata Mor- 

\ gana ia of this character. These curious airy pictures ap* 

I pear to be due to a refraction of the rays in passing through 

I aerial zones of different density, and to the reflection of' 

I images upon other masses of air. 

We may imitate many of these phenomena of atmospbe- 
ic refraction. If we look along a red-hot bar of iron, or 
a mass of heated charcoal, at some image a short c 
taace from it, an inverted reflection of it will be seen. In 
a similar manner, if we place in a glass vessel fluids of 
different densities, so that they float one above another^. 

F and look at some word through these, it will be seen 
of its true place in consequence of the refracting and re- 
flecting powers of the fluids employed. 

Haloes — the coloured rings seen around lominons objects 
—are due to this refracting jiower. These are called ^sr- 
xeUa when they appear around the sun, and paraselenx 
Then seen aronnd the moon. The phenomena of refrue- 

I tion as exhibited in the rainbow will be examined i 

I'S future page. 

If we can find the inclination of the incident raj to 



LIGHT AND ACTINISM. 



399 



that portion of the surface where the ray enters or quits 
the body, we may readily determine its refracting power. 
A ray of light falls upon a sheet of glass, and it is bent in 
passing through that dense body, but the emerging ray will 
be parallel to the direction of the incident ray ; and thus 
we see bodies through sheet-glass in their true position. 

Glasses whose surfaces are segments of spheres are 
called lenses : they are principally either concave or convex. 



a 




f'*^ 



^ 




Kg. 200. 

a is a double convex lens ; b is termed plano-convex, having 
one side a plane and the other convex ; c, which is formed 
of parts of two circles which meet, is called a concavo- 
convex or a meniscm lens ; (^ is a double concave, e a 
pUmo-concave, and / a concavo<onvex lens. The general 
operation of glasses of this kind may be gathered from 
the following brief description ; the laws determining the 
kind and degree of refraction which they produce are too 
eomplicated for the present treatise, — ^these will be more 
eflFectively studied in the works of Herschel and Brewster, 
who have most fully investigated this subject. 

The images formed by lenses will be best understood 
by reference to the accompanying woodcut (Fig. 201). 
A B is an object on one side of a lens, w v, but farther 
removed from it than the focal point f. The rays which 
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proceed from x are united to a point at a, by passing;' 
tlkioagh tlie middle of the lens ; a being an image of 
In the same 




Fig. 201. 

The size of the image is; 



thus the ob- 
ject A B is 
represented inverted at 
r^^uiated by tlie distance of the external object from iht 
leas. If the object he remou'ed more than twice the dis- 
tance of the focus, the image will be nearer, and we obtain 
a diminished imiige ; if it is approached nearer the glaw, 
the image recetles, and is enlarged. In lenses of short 
focus, the images lie nearer the glass than 
greater focal distance. 
Let A B (Fig. 
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focal point, sees an image at a i. The object and the 
ini^ lie withia tbe angle a o 6, but the object being 
nearest tlie glass we see tbe image magnified. In micro- 
scopes tlio images formed ore of this kind. 

Tbe use and power of lenaea may possibly be rendered 
familiar by tte foUoiving eaay considerations. An object, 
known to be a man or a tree, la seen at a certain distance 
indistinctly, the mere outhne only ia appreciated by the 
eye ; as we approach more closely to it, all its details, one 
after the other, are dcTeloped, until the minutest lines are 
risible. As the object is removed from tbe eye its appa- 
rent magfiititde is diminished ; as it is approached towards 
the ^e it is increased : thus, when brought near the eye, 
a small shot may be made to cover the view of a morni- 
taia; therefore, tbe apparent magnitudes of these bodies 
are equal under such conditions. A man stands at tbe 
distance of 100 measures from ns, and we look at bim 
througb a lens of a certain focal distance, and his image, 
of the natural size, is seen distinctiy. Now, if we place 
a lens having a focal length of one-fourth tbe distance 
between ourselves and tbe object, it may be seen tliat an 
image of precisely the size of the object would be produced 
behind the lens ; and if looked at by the eye at a distance 
of six inches, it will be seen very distinctly, the image 
being apparently magnified in tbe proportion of 6 inches 
to 100 feet. We have supposed the distance to be 100 
feet, and the focal length of the lens 35 feet ; this pro- 
of the natural size. ItaXsmaol iSao^jes 
2 D 
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' focus is placed 75 feet from the object, and 35 from th? 

' eye, the image will only be one-third the size of the object; 

[ but by being brought near the eye its apparent magnitude 
is increased. The rule for ordinary telescopes ia this:—" 
Divide the focal length of the lens by the distance at vhioli 
the eye looks at the image ; and the result will be Uu 
magnifying power. 

The Telescope was inveoted in the thirteenth centuryj 
and in oil probability introduced into England by Roga 
Bacon. It consists of two convex lenses — the object-ffloM 
and the eye-glast, An inverted image of an object — aq 

I for example, a star — is received on the object-glasa, an^ 

\ magnified by the eye-glass. The Galilean tdescopl 

I differs only from the aatroaomicel telescope just described 

( in having a concave eye-glass instead of a convex one 
Telescopes of these kinds were made by Huj-ghena aui 

i othera, 136 feet long; it was with instruments 12 ani 
24 feet long, that Huygheos discovered the ring and th 

I fourth satellite of Saturn. 

Terrestrial telescopes differ from these only in an ad 

f justment of lenses to sea the object erect ; this a^ust 
' ment being merely the addition of eye-glasses, so that tb 
inverted image formed behind the first is corrected \t 

I passing through another, and viewed through a third. 

I Kw T^eting telescope consists essentially of a concavi 
mirror — o speculum, — the image in which is magnified bj 
a lens. James Gregory first described the constructJol 

I of 9ueh an instrument, aniViCTLce \\iea6 \ifl."ift beaa 
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Gr^orian telescopes, Sir Isaac Newton appears to have 
been tie first to constrnot such an instrument ; the New- 
tonian telescope, made by Newton's own hands, being in 
possession of the Royal Society. The usual arrangement 
of reflecting telescopes is the large specnlum at the bottom 
of a tube, in which the image is formed ; this is received 
on a smaller speculum, placed at some distance from the 
former, and viewed by means of lenaea. In Sir William 
Herschel's telescope the second specnlum was not em- 
ployed ; the eye, by the aid of magnifying powers, at once 
viewed the image in the large speculum. 

Sir William Herschel constructed SOO seven-feet New- 
tonian reflecting telescopes, 150 ten feet, and 80 twenty 
feet in focal length ; at length he coDstructed his telescope 
forty feet long, and on the 27th of August, I7S9, the day on 
which it was completed, he discovered with it the sixth 
satellite of Saturn. The speculum of Sir William Her- 
Bchel's telescope had a diameter of 49 J inehea, its weight 
was 2,113 lbs. The great reflecting telescope of Lord 
Hoss has u speculum of seventy-two inches diameter. 
Mr. Nasmytb and Mr. LasscU have also constructed re- 
flecting telescopes which are remarkable for their power 
rather than singular for their size, the specula being but 
twenty-four inches diameter, and twenty feet focal length. 

The Microscope is nothing more than a lens, in the 
focTia of which the object to be examined is placed. 
IdtUe spheres of glass, formed by melting glass-threads 
ia the Same of a candle, form the moat ^^<;t^ cMujle 
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^^^wmicroscopes. A compound microacope consists of two o 
^^^P more lenses, one of nliicli forms an enlarged image of ai 
object, and Ihe others magnify that image. Much in 
genuity haa been expended in producing the greatest 
degree of power and distinctness of definition, but i 
essential particulars the best instiumeatB accord wiUi the 
above brief descriptioi 

In describing these instruments, we have assumed that 

■ the rays re&acted from spherical surfaces meet exactly iu 

Bthe focus. If an object is placed at an equal distance 

I in front of a lens, to the length of the focus, it will be 

■'found that the best iinnge is not formed at the focal point 

Kbehind the lens; this is due to what is called ipherieal 

maberDUkn. The cun'e of the leoa is at unequal distances 

Iftom the object and from the screen placed at the focal 

K|Kiint, and hence, if one part of the image is perfect, 

nmother is less so, owing to this aberration, ( 

B'lhe sphericity of the lens or mirror. By combination of 

s this may, however, be reduced to nn almost inap- 

Boiable quantity. These points, depending on nice 

eoroetrical problems, will be found fully described by 

PSir David Brewster, in his treatise on Optics, or by Sir 

fjohn Herschcl, in his article on Light ia the ' Encycto- 

a Ketropohtana.' 

a piece of Iceland spar is placed upon a sheet of 

B-Trhito paper, on which we have previously made one black 

^pot, two will be seen through the crystalline body. 

is termed double refraction. Bodies possessing this 
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property, tliride into two portions the rays of light aent 
through them. The espianntion afforded by the iindnla- 
toiy theory of light, which accounts more satisfactorily 
than any other for this class of phenoroeua, is, that the 
etier suffers aa unequal diviaiou in the interior of those 
crystals which produce it ; this division depending on 
some law of molecidar arrangement determined hy the 
ciyatalline forces. These two lines, or rays, are called the 
rag of ordinary refraction, and the ray of extraardiruay re- 
frac^on -. one is supposed to pass the crystalline medium 
more rapidly than the other. 

This leads us to a consideration of the phenomena of 
coloured light. White light, as emitted from the sun or 
any luminoiis body, or aa esrited by their influence, is com- 
posed, according to Sir Isaac Newton, of seven different 
kinds. Tlie compound white Ught, as Newton supposed it 
to he, may be separated into its different parts hy refraction 
and by absorption. The first method, rtfractioH by the 
prism, was that employed by Newlon. If a round 
tote is made in the window-shutter, a b (Fig. 303), of a 
darkened room, the pencil of light l, falling through that 
hole, will produce a round spot of white light on the floor, 
c. Ha prism of glass, e, is now interposed in the path of 
the ray, it is refracted by the glass, and not merely does it 
suffer a change of direction, hnt, instead of exhibilii^ a 
white spot, it now presents an elongated, flame-like, beau- 
tifully coloured image, f g ; the ordinary colours being red, 
orange, yellote, green, blue, indigo, and violet. This chro- 



matte image U called the Nevlonian apeeirua, the lelar 
tpeelmn, or the pritmatic ^ectrum. Sir Isaac Newton 




measured the length of each of these rays ; they have aiuca 
been measured with great care by Fraunhofer : their 



s are as follows 


— 






Newton. 


Frtmnhorer- 


Red , . 


45 


58 


Orange 




. . 27 . 


27 


YeUow 




. . 40 . 


37 


Green 




60 . 


46 


Blue . 




. . 60 . 


48 


Indigo 




48 


il 


Violet 




80 . 


109 


Tota 


lenff 


th . .360 


360 



The discrepancies in these measurements depend upon 
the fact that the eyes of no two individuals are equally 
sensible to dU tbe coloured rays. I have repeatedly 
made my friends prick with a needle the point which 
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Qtej ectcli considered would mark the extremity of one of 
the rays : it waa very rarely that I found any two indivi- 
duals who would indicate the same line. 

From these results Sir Isaac Newton considered that 
white light was a compound of seven primary raye ; and 
he was coufinued in this opinion, from finding tbat the 
coloured rays were not agdn susceptible of change by 
refraction. Hence he called those rays homoffeneotu, or 
simple light, and white light heterogeneous, or compound. 
These seven colours ho called the primary eoloure, and any 
combinations of these primaries he colled secondary colours. 
These rays may be recomposed into white light. If we place 
a second prism against the first, the ray wiU be slightly 
beat, but it will remain white light ; therefore the coloured 
rays are due, not to the refraction of the glass merely, 
but to the dUferent thicknesses of the triangular body 
employed. 

If we take a piece of paper and divide it into sectors, 
of the sizes indicated for each of the rays, and then cause 
it to revolve very rapidly, they blend, neither of them being 
enabled to make a stronger impression on the retina than 
another. It has been stated that white light is the 
residt ; but if a spot of white paper is left on the disc, it 
will be seim that the colour resulting from rotation always 
fklla far short of whiteness. It does not appear that this 
depends, as is commonly stated, on the impiuity of the 
colours employed, since by no combination of pigments of 
le prinmiy colours can anything but a deep neutral tint 
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be produced. It is Teiy conunon in books of soienoe, to 
find it stated that by mixing powders of the colours of 
the rays of light a grey approaching to white is pro- 
duced i this is an error, which has been again and again, 
repeated, evidently without examination. A neutral laven- 
der may be formed, but the usual result is a deiep brown, 
— with some colours an absolute blaoV, — ^but never any 
advance towards whiteness. 

Light may be decomposed by abaorplion, as is the casn 
■with coloured glasses or fluids. In these examples, the 
lay which passes through the coloured medium is not the 
pure ray, but a mixture of all the rays which are not 
absorbed ; at least this is the received idea, and it is rare, 
if we analyse the ray which has permeated s red or blue- 
glass, to find it cither a pure red or a pure blue. 

Sir David Brewster instituted a very searching examina- 
tion of the conditions of the spectrum; and as the evidence 
obtained is of a very important character, it cannot be 
given in other language than his own. After describing 
that if an observer looks at a hole in the window-shutter 
of a darkened room, through a prism, he will see the spec- 
trum, he proceeds ; — 

"Let the blue glass be now interposed between the eye 
and the prism, and a remarkable spectrum will be seen, defi- 
cient in a certain number of its differently coloured rays, 
A particular thickness absorbs the middle of the red space, 
the whole of the orange, a great part of the green, a con- ' 
siderable part of the blue, a bttle of the indigo, and a t^ 
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little of the violet. Tlie yellow space, B'liiuli Las not been 
mticli absorbed, has increated in hreadlh. It occupies 
part of the space fonnerly occupied by the orange on one 
aide, and part of the apace formerly covered by the green 
on Ihe other. Hence it follows, that the hlue glaas has 
absorbed the red light, which, when mixed with the yellow 
light, constituted orange, and has ahsorbec! also the blue 
light, which, when mised with the yellow, constituted the 
part of the greta apace next the j/ellow. We have, there- 
fore, by absorption, decomposed yreew light -into ycifow and 
Hue, and orange light into yelUmi andrei^i and it con- 
sequently follows, that the orange and green rays of the 
Epectmm, though they cannot be decomposed by prismatic 
n&action, can be decomposed by absorption, and actually 
consist of two different colours, possessing the same d^ee 
of refrangibility. B'fffereHce of colour w, therefore, not a 
iest of difference of refrangUnUty ; the conclusion deduced 
by Newton is. no longer admissible aa a general truth — 
'that to the same degree of refrangibility ever belongs the 
same colour, and to the same colour ever belongs the same 
degree of refrangibility.' 

" With the view of obtaining a complete onalyais of the 
spectnim , I have examined the spectra produced by various 
bodies, and the changes which they undergo by absorption 
when viewed through various coloured media, and 1 find 
that the colour of every part of the spectrum may be 
changed, not only in intensity, but in colour, by the action 
of particular media ; and from tliese observations, which it 
would be out of place here to detaU, I conclude that the 
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solar spectrum consists of three spectra of equal length, 
yiz., a red eptctmia, a yellovi spectrum, and a 2Jue spectrum. 
^The primary red spectrum has its masimum of intensity 
imttt the mitidle of the red apace in the solar spectrum, 
3 primary yellotn spectrum has its maximum in the 
niddle of the yeEow space, and the primary Hue spectrum 
axiiDUm between the hlue and the indigo space. 
Hie two minima of each of the three primary spectra 
Boincide at the two extremities of the solar spectrum., 
" Prom this view of the constitution of the solar spec- 

e may draw the following conclusions ; — 
" 1st. Sed, yellow, and blue light exist at every point of 
the solar spectrum. 

" 9nd. As a certain portion of red, yellow, and blue con- 
Irtitute Khiie light, the colour of evety point of the apec- 
a may be considered as consisting of the predoniinat- 
Jlng colour at any point mixed with white light. In the 
lied space there is more red than is necessary to malm 
I .white light with the small portions of yellow and bine 
which exist there ; in the yellow apace there is more yellow 
i necessary to make white light with the red < niil 
and in the part of the blue space which appears 
L Tiotet, there is more red than yellow, and hence the exceas 
[ df red forms a violet with the hlue. 

"3rd. By absorbing the excess of any colour at any 
I point of the spectrum above what is necessary to form 
I white light, we may actually eauae white light to appear 
I at that point, and tliis wbite t^VANrili^oasees the remarlc- 
iable property of remainms '«\w.^e aftja m-j \ia»&«a A t* 
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fractions, and of being decompoaable only by absorption, 
Such a white light I have sncceeded in developing in dif- 
ferent parts of the spectrum. These views harmonize in 
a remarkable manner vdth the hypothesis of three colours, 
which has been adopted by many philosophers, and which 
others had rejected, from its incompatibility with the phe- 
nomena of the spectrum." 

Sir David Brewster, therefore, supposes the coloured 
band of light to be the result of the overlapping of three 
coloured spectra of the same lengths — a red, a yellow, and 
a blue spectrum. Difficulties are, however, to be named 
which neither the theory of Sir Isaac Newton nor the 
views of Sir David Brewster will in all respects esplain. 

If we look at a prismatic spectrum through a cobalt- 
blue glass, the eye, being screened from the glare of the 
yellow ray, becomes sensible of a rich erimma ray, below 
the ordinary red, which Sir John Ilerschcl has called the 
esireme red ray ; and if the spuctrma is received upon a 
paper stained yellow by turmeric, a new ray makes its 
appearance beyond the violet ray, the discovery of which 
is due to Sir John Hurschel, and this is of a neutral tint — 
a lavender ray. Thus we have increased the bands of tte 
spectrum from seven to nine, as is shown in the central 
coloured image of the Frontispiece. 

Sir David Brewster's explanation holds for all the rays 
from the ordinary red to the end of the indigo ; but it does 
not fidly exphiia the increase of Ulummaiiag powei- which 
Tideotly shown in the violet ra^, ttie «5V^^'™^'*' '^ 
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! laomder ray, and scarcdy the reappearance of blue 

^ing witt the red to produce the beautiful crimaon 

y at the least refrangible end. 
, The luminous intensity of the rajs has been ^ven nu- 

irically as follows : — 

EitrEine Red ra; 32 

Red rajr 94 

YcUow lOOO 

Orange 640 

GrwQ 4S0 

Blue 170 

Jodigo 31 

Violet G 

I From a most attentive ejtnmination of the subject, — ami 
as, too, under olmoet CTery condition of experiment wMch 
^uld present itsalf to my mind, — I have a strong conT 
n that, OS far as the violet ray is concerned, there is 
f ^rror, and that its illundnatiDg power is greater Ihan that 
F'Of the indigo ray. I am disposed to explain the coudition 
I of the prismatic colours under an impression that we have 
U the cucDpound spectrum of three colours rf^peated in all 
r experiments, — that we have conditions similar to those 
' with which we are famiUar in the phenomena of the rain- 
bow, i. e. the appearance of the supplementary bow, — that 
we have the ordinaiy spectrum, and an extraordimwy spec- 
trum with the order of its colours inverted. This being 
assumed, we shoidd have the conditions shown by the 
tinted portions of thecoloured diagram of the Prontispiece, 
We have on one sido tVe lesai trfsttc^'tAii ev.4, the ^dlo« 
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ray, blending with the red to produce the orange, then the 
pwe red, terminating the ordinary spectrum, the crhnson 
ray being produced by the red of the ordinary, receiving 
some illumioation from the blue of the extraordinary apec- 
trum. On the other side, the moat refrangible end, we 
have the yellow blending with the blue to produce ihtgreen 
ray, then the pare blue, which, paasiiig into blackness, gives 
riae to the indigo ray ; the space beyond this receives some 
additional illiunination from the red of the extraordinary 
tpeetriaa, and the result is the niolet ray, and the lav^der, 
under tlie conditions of reflection from a yellow ground. 

The vignette at the head of this chapter shows the rain- 
bow and its supplementary bow. The formation of the 
rainbow muy be esplained thus, A rny of light falling 
upon a drop of rain becomes refracted on entering the first 
surface, it is reflected from the other surface of this sphere, 
and thus, emerging from a medium point, suffers prismatic 
refraction ; the legist refrangible rays, tlie red, forming the 
inner portion of the bow, the most refrangible, the violet, 
its outer edge. The supplementary bow is due to a 
double refraction and reflection of the sun's rays. 

The theory of Goethe has not received the attention it 
merits, notwithstanding the translation by Eastlalce of the 
German poet-philosopher's 'Theory of Coloiu's.' Hia hy- 
pothesis may be briefly stated to be, that bght is pure and 
homogeneous ; that, robbed by reflection, absorption, or 
refraction, of one degree of its intensity, we have yellou 
ligllt; deprived of another, that we W\e riA 'ii.vBsas.'V 
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tioB ; ^ tktf. radwcd to its lowest degree of TJaible inten- 
«R', we btc I Afar, which passes into black, or the absence 
e( V^Ul Goethe iflnstrates his views in this way : — place 
•IV a ^t in the window-shutter of a liarkened room, 

»fiKn of jaiduMnt, we hare yellow light transmitted ; put 
t*», aa4 tke light becomes red ; place three or four thidc- 
■BOB VRT the opening, and the light is then bine. 
BdbR quilling the snbject of prismatic refraction, it 
g^nanr to stale thnt both Wollaston and FrBunhofer 
1m» aiown that the solar spectrum is not continuous, bnl 
tU ikoe ue inimerDus interruptions to the continuity of 
the vm in the shape of dark lines. These are usually called 

In— iii|rti'i dtvi luie*, — that cetebialed optical ohserrei 
karag d((«(t«d more tbsn tiv« bimdred of these linea 
"Ae lyeetniD. The best mode of observing them is 
Mnin> iIk ^jectrum upon a screen in a dark bos, the 
HHrtm i w bttng rendered noTe intense by employing a leaa 
t» wwmrtn'* the rays previously to their faUiag on the 
•^ of the prism, which should be of the utmost pmity. 
H» iMMge should then be observed by means of a small 
^^ . — ^ Acmiding to the undulatoxy theory, these 
iatk Knee are supposed to be produced by the depresaioni 
■ the vntr of the Inminous ether. 
DBaunibu' bodies produce spectra whose lengths an 
HfltRBt, owing to the differences in the properties of the 
«d»laan« w rdatioD to the dUpenion of light. Flint 
I is wd to Ifye a greater dispersive power tban 
. (town $!■»> bemosc al the same angle it separates the 
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two extieme laja ferther from the mean luminous ray. 
Attention to the law of the dispersion of light is moat 
important in optics ; and on a knowledge of the dispersive 
powers of glasses depends the construction of achromatic 
lenses. When rays of white light pass through a lens, 
Bs is already stated, they suffer spherical aberration ; and, 
from the prismatic character of lenses (Fig. 304), objects 
viewed through them and images 
foimed by them are coloured 
at their edges, from the decom- 
position of the light. This is 
called chromatic aberration. 
These fringes of colour i 
Gxceedingly objectionable in as- 
tronomical telescopes, and it 

became important to discover some means by which this 
aberration might he counteracted. Dollond, observing 
that the prismatic dispersion in English flint gloss is 1^ 
times as great as in crown glass, was the first to suggest, 
that, by ccmhining two such bodies, the chromatic dis- 
persion would be corrected. Newton thought this was 
impossible, but Dollond, in 1757, was successful in pro- 
ducing lenses and prisms of perfect achromaticity. Sup- 
posing one of the lenses in Fig. 204 to be of crown and 
the other of flint ghisa, it will be obvious, when two such 

e combined, that the rays refracted by one pris- 
matic medium will he restored to their original line by 

; and hence achromatic letisea of great power ai 
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considerable perrection are now roade of combinations of 
GngUsfa. crown and flint glass. 

The colours of natural objects depend upon some pecu- 
liar function of tlie surfaces of non-transparent media, to 
send hack to the eye light of a peculiar colour, and, i 
transparent bodies, to the power of the medium in n 
lation to molecular stmcture, to allow the permeation of 
certain rays. 

Sir Isaac Newton's theory was the firat approach to a 
correct understanding of the phenomena, but his viewa 
have not stood the test of the examination of modern 
science. That the colours of all bodies are due to thv 
power of the body to act upon light is proved; colour is- 
not 8 quality inherent in the body. A red body appears 
red because it reflects red light back to the eye ; a yellow 
one looks yellow because yellow light is more powerfiilly 
thrown back from its surface; and so on, through all the 
colours. We have artificial means by which we can pro- 
duce luminous effects wliich have only one colour. Thas, 
by burning nitrate of strontian, a mouocliromatic light of 
a puce red is produced ; by nitrate of burytes 
L'ght is occasioned ; and by driving a jet of burning f^ ■ 
through a collar of salt an intense yellow iUuminatioa 
results. If a red body is placed in a red h'ght its colour' 
is exalted, but a yellow wafer Jn such a light would ap- 
pear red, because none other than red rays can be r 
fleeted from its surface. A red body placed in yellow 
J^ht loses all ila ieinea%, ai\A so en, fc 
CoJoureil body aii4 monoc\aonwA\c\\^\.. 
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The views T)f Newton demand some attention, and they 
may be briefly stated as follows : — 

The superficies of bodies having the greatest refracting 
power, reflect the greatest quantity of light. 

The least parts — the smallest divisions — of all natural 
bodies are partially transparent, and the opacity of such 
bodies arises firom the multitude of reflections caused in 
their internal parts. 

All bodies have void spaces, and on the number and 
distribution of these depends transparency oar opacity. 

" The transparent parts of bodies reflect rays of one 
colour, and transmit those of another, on the same grounds 
that thin plates or bubbles do reflect or transmit these 
rays, and this I take to be the ground of all their colours. ^^ 

The parts of bodies on which their colours depend 
are denser than the medium which pervades their inter- 
stices. 

The bigness of the component parts of natural bodies 
may be conjectured by their colours. 

According to the undulatory theory of light, the colour 
of natural objects is the result of the power which they 
possess of altering the undulation of the luminiferous 
ether. White light, the result of a wave of a certain 
length, falls on a surface, and it is thrown back with some 
alteration in its rate of movement, or length of wave, aud 
thus colour is the result. The following table represents 
the conditions, as obtained by Newton's calculation, neces- 
sary for the production of colour : — 

2 E 
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Length of in- 


No. of unda- 




CdoDTofH^ 


mi^»s wKve. 


latiaogman 


iDBseeoni 






inch. 




Red 


0-0000266 


39,180 


477 


Onlngt 


0'0000240 


41.610 


606 


T«Dow 


0'00O03B7 


44,000 


53S 


GR«n 


0-0000211 


47,460 


577 


Bine 


0-0000196 


51.110 


632 


Indigo 


0-OO0O185 


54.070 


65 S 


Violet 


0-0000174 


57,480 


(199 



1 

i 



Violet light is, therefore, acGordiDg to both the theorieij 
doe to nendy twice as maay undulations as those 
saiy to produce red light ; and a similar difference enSta 
in the number of vibrations required in a second of time- 
The Newtonian and uudulatory theories of colour Umt 
meet, as determiidng the production of the phenomena. 

That colour is due to molecular arrangement is shomi 
by n few conclu^ve experiments. The biuiodide of met' 
cury is B beautiful scarlet saJt ; if a little is placed 
piece of gloss and made hot, it becomes yeUonr, and it 
rcmoins so if undisturbed ; but the slightest touch with 
any hard body occasions it to return rapidly to its originat 
red colour. Chameleon mineral is n solid substance pro- 
duced by fusing peroxide of manganese with potasi^ 
thus producing a permanganate of potash i when dissolved 
in water it changes, according to the amount of diludon, 
from preen to blue and purple. When indigo, spread oa 
jwfer, is exposed to heat, it becomes red ; and the yeDow 

spliate of !ei(d turns green with the application of heat. 
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Some bodies have the power of reflecting from their 
surfaces one colour whilst they transmit another. This is 
the case with the precious opal. A. solution of sulphate 
of quinine in water acidulated with sulphuric acid, is 
colourlesa and transparent to tlie eye looking through it ; 
but looking at it, it appears intensely blue. An oil ob- 
tained by the distillation of resin transmits yellow light, 
and reflects violet light. These dichroic phenomena, or 
double colour of bodies, have been studied by Sir John 
Hsrschel, and referred by him to the action of the most 
mperficial film of the fluid ; and hence termed ep^olie, 
or aurface action. Other bodies exliibit sinular effects. 
The blue of the atmosphere is reflected light, but its red 
tinge is s consequence of transmitted light. Smoke re- 
fleets blue light, but transmits red ; chromate of alum is 
greeu in reflected light, but purple in the transmitted rays. 

The production of colour under a few other conditions 
Dmat bo named. Xf a lens 
^19 it touches it only at one point, 
luTe a very attenuated him of air ; and 
mich a fibn ^ves rise to series of beau- 
tifully coloured rings (Fig. 20B), con- 
siating of a number of spectra varjing 
in the order of their colours. These 
Teiy beautiful rings are sometimes 
shown with the most striking effect 
in rock crystal, and even in masses of 
'lies, giring rise 
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kir. The vaipng play of colonrB on a aoap-bublile, and 
those of films of oil on water, are doe to the saine canse. 
By a little arrangemeat called the iriscope, the coloun 
of a soap-bubble may be easily studied. A solution of 
soap being made, is put into a phial while still boiling 
hot; the heat and escspiug Tapour expel much air; 
bottle is corked, and thus, when cold, there is an at- 
tenuated atmosphere produced in the vessel. By placing 
the bottle on its side, and giving it a gentle shake, a fibs 
is prodnced. After it has grown thin by standi 
shall see a great many eoDcenlrie coloured rings, and a& 
the film grows thinner the rings will dilate ; the a 
will pass from white to blue and black, while the li 
present a curious order of change. Newlon haa proTed 
that thcM rings arc produced by films varying in thickness 
from ) , ^'fl ft to ,,if,aa of an inch. The colours of think 
films wcTB alao investigated by Newton, and more recent^ 
by Uei^chel and Brewster, to whose works the readei ii 
referred. 

The colours of fibres, and of grooved surfaces, are ei 
seen. !f we dust some Lair-powder or lycopodiiun upon t 
glass plate, and look through it at a candle, it will appea 
surronnded by a halo. Fibres of aUk or wool spread oi 
closely tf^elher, give rise to similar coloured riaga, Tl 
colours of motber-of-peaTl are due to the infinite nmnbt 
of fine grooves upon its surface ; end if we copy them o 
white was, this substance gives the same iridescent pha 
By drawing a seriea of esceedingly fine lines oi 
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iteel, or any other metal, we may in the same way pro- 
ioce iridescent phenomena, and the iris ornaments arc 
jhtained by cutting on the surface of the steel a great 
mraber of fine lines. In all these cases, colour would 
ippear to be produced by the refraction of the ray. Re- 
mits somewhat similar are produced by diffraction. Pass 
nto a dark room a ray of light, receive it on a glass rod 
ilackened, and look at it through a slit in a card : the ap- 




sill be obtained ; a line of 

night light occupying the 

*ntre of the whole, and < 

dther side spectra separated ! 

rom eacli otiier by iaik baais. Fig. 306. 

Looking at a candle through the divisions of a fine 

leather, we obtam a very beautiful exhibition of the phe- 

lomenon of difiraction, which appears to be of the same 

iharacter us that of interference. 

A very beautiful and splendid class of phenomena has 
jeen investigated and described by M. Praunhofer, which 
ire produced by such a regular arrangement of circles and 
iqoares, as would be formed by two equal wire gratings 
irosaed at right angles. The lower central figure of the 
FrontiBpiece represents the effect when the light is received 
sn the object-glass of the telescope, through two circular 
holes. Each compartment is a separate spectrum of great 
beauty. The appearances vary as the number of apertures 
is inoreaaed, the spectra growing more vivid. These re- 
sults are dae to the difiracted fringes produced hj tb" 
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deoompoiition of the li^ht in paaging the very fine orifices 
of the crossed wires, or of circular holes in metal plates. 

The phenomena of htterference, as it is called, afford very 
strong support to the unduhitory theory, in experiment 
by Dr. Young explains the result in the most intelligible 
manner. He admitted a sunbeam through a hole made 
with a fine needle in thick paper, and brought into the 
divci^ng beam a slip of card one-thirtieth of an inch 
in breadth, and observed its shadow on a white screen at 
different distances. The shadow was divided by light and 
dark bands alternately arranged, but the central line was 
always white. In the same manner, if we place a small 
solid opake sphere in the diverging ray, a white spot of 
light will appear in the centre of its sbadoir. 

This would appear to indicate that light can turn a 
corner, — that therays are ausceptibleof bending out of the 
parallel lines iu which light is supposed to progress. This 
is conjectured, by the advocates of the undulatory theory, 
to be merely the effect of the depreaaion of the ethereal 
wave; but a much more natural explanation is afforded 
by those experiments which prove that solid surfaces have 
the power of condensing, with more or less force, all atte- 
nuated forma of matter upon them, and around their edges. 

In support of this idea of wave motion, the production 
of darkness by the blending of two points of light is 
brought strongly forward. The familiar mode of ex- 
plaining this is the following, — Standing at the conSuence 
of two rivers, U wili\ie ci\)aci\e4, ^.Wv ^Ivio. the waves 
from each meet \u t^ic aamti sIbXc qI VvWQ.'mi<\,'Cat-tawi*:-oB( 
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wave will be equal to the two cambined ; if, however, one 
ware is half an undulatioB behind the other, the crest of 
one will meet the hollow of the other, and comparatlTely 
smooth water wiD be the result, 

If two pencils of light radiate from two poiuts very close 
to each other, and this light falls upon the same spot of a 
piece of paper held parallel to the line joining the points 
which bisect the distance between the two radiant points, 
they muy be said to interfere ; they cross each other at (fue 
point, and this is called the point of interference. If the 
waves move at the same rate — or rather, if the two waves 
reach the point of interference at the same degree of ele- 
vation — a spot of double the luminous intensity of either 
ray aepBrated ia produced ; but if one ia half a \ibratian 
behind the other, the result will be that a dark instead of 
a light spot will be apparent. The explanation afforded 
by the theory of undulations is quite complete for all these 
phenomena; but the Newtonian hypothesis of "fits of 
easy transmission and easy reflection " evidently supposes 
a similar condition of progress. 

We have already considered the question of ordinary 
refraction ; extraordinary or double refraction must now be 
noticed. If any trausparent substance has an unequal 
constitution, or if we can produce an inequality of elas- 
ticity by mechanical pressure or by beat, the ray falling 
on its surface undergoes two refractions ; that is, the single 
pencil is divided into two pencils in passing through the 
ioelan^ spar is a rcmoikoble cuim^Ve cji %\ii^ 
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poaaesaing noturally unequal densities ; and if we transmit 
a ray of liglit through it, one part will be refiractfid accord- 
isg to the ordinary laws of refraction, and is called the 
ordinoTJ/ ray, the other part will be refracted according to 
some e^troOTdinary law, and is called the extraordinary 
ray. That tlits is due to the moIcGular structure of the 
medium thraugh which the light passes, is proved by 
taking a cube of regularly annealed glass ; it produces but 
one refracted pencil ; subject it to the ptfMaure of a screw, 
or heat it uueqnaOy, a change is produced in the arrange- 
ment of its parts, and double refraction takes place. Ths 
rays are not in this case separated into two distinct pencils, 
but the decomposition of the ray is effected, and we pro- 
duce colour by the interference of the waves. Double re- 
fraction may under some circumstances produce colour, and 
ooloui may be a test of double refraction, when the rnya 
are not sufficiently separated to form two distinct images. 

The celebrated Huyghens was the discoverer of the law 
of double refraction, a complete elucidation of which re- 
quires high mathematical knowledge and much experi* 
mental skill. The phenomena involve so many abstruse 
investigations, and require so large an amount of prelimi- 
nary education in a poiiiicidar direction, that it is impos- 
sible to eut£r satisfactorily on the subject in a work so 
entirely elementary as the present one is intended to be. 

The polarization of light — implying, as it does, some 
connection with a polar arrnngemeBt of particles — is aa 
exceedingly unibrtiinate name for a most remarkable class 
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of phenomena. In 1S08, Midus, a young eDgineer officer, 
was viewing, tkrougli a Uouble-re&aeting prism, tlie lis;1it 
of the siin reflected from a glass wiudow of one of the 
French paloceB, and he observed some peculiar effects. 
The window accidentallj stood open, like a door on its 
hinges, at an angle of 55°, and it is found that a ray of 
light reflected at an angle of 56° 45' is altered in its 
character, — it is polarized. 

A ray of light, a, falls on a mirror, fg k i, which is ad- 
justed to the proper angle of polariMtion ; the ray reflected 
from it, h c, falls upon the reflecting mirror, and is reflected 
n the direction erf; the incident, 
r b, the polarized, b e, and tiie 
reflected rays, c d, being in one 
and the same plane. If we allow 
the pencil of light to fall upon a 
plate of glass at any usual angle 
of incidence, one portion of light 
will be transmitted and one will 
be reflected ; and if we jilace a 
aecond plate of glass over the 
reflected ray, a second reflection 
Fig. 207. will take place on whatever side 

fclhe ray the reflecting glass may be placed. But if the 
B incident upon the second glass at an angle of 56° 
46' from the perpendicular, the light reflected by the first 
glass will be again reflected by the second when the planes 
^glasses are parallel to each other; hvA If, 
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without altering ita angle to the horizon, we turn the second 
glass the qaarter of a circle, the light will be transmitted, 
not reflected ; if we turn it another quarter, the light will 
be reflected, not transmitted. By this wc prove that light 
reflected at an angle of incidence of 56° 45' has undergone 
ome pecnliar modiflcatioD. 

A stretched string may be employed to familiarize the 
probable conditions of polarized light. If we move the 
string slowly up and down, we produce a series of waves 
from the hand towai'da the fixed point, like the waves 
of the sea, or those which pass over a field of standing; 
com. Now, if at the same time as we make this up and 
down movement, we pass the hand from right to left with 
tolerable rapidity, we seud two sets of vibrations along 
the string at the same time at right angles to each other. 
The direct wave woidd appear to represent the ordinary 

1 % vit turn the beam round a quarter of a circle, and 

! then see the elFecta of the lateral vibrationB, — we 
become couacious of polarized light. 

Supposing we imagine a section of such a ray^ of light, 
it would appear that something like a division of the 
section takes place : the perpendicular portion of the ray 
is transmitted, the horizontal vibrations reflected. 

The annexed woodcut (Fig. 208) represents one of tha 
most useful forma of polarizing apparatus ; it is called a 
polaritcope, and by its adjustments the measurement of tha 
angle of polarization is easy, and many remarkable pheiio- 
jnena can be exanuned. t^ut bKta^ t.~% ea!:^nwA ai 



glass, and it ma; be made to revolve in a horizontal apex 
by means of a pivot. This raimar is usually placed in 
SDch a position that its plane makes an angle with the 
vertical of 36". A ray of light, a, falls 
on it, and passes partly through the 
glaw, anil is partially reflected down- 
ward to c, as a polarized ray, where 
there is a blackened mirror which 
leflects the ray hack through the 
pcJarizing mirror a b, to the mirror 
at the top of the stand. The gra- 
duated adjustments and movements 
enable the observer to place the 
mirrors at various angles, and to 
observe all the phenomena of polar- 
ization, and also to place any trans- 
parent object in the hne of the ray and observe the nume- 
mtts beautiful effects of polarization 

There are three kinds of polarization Plane polariioiion 
may be produced by reflection at an angle between 63° 
and 68° from the snrface of any bodies not metalhc; the 
law discovered by Sir David Brewsttr is that " the index 
<lf Traction is the tangent of the angle of polarization." 
Plane polarization may also be produced by the relhiction 
of light, — by several refracting surfaixs acting upon the 
nqr in Bueeeaaion. The number of plates of glass required 
to polarize the whole beam depends upon its intensity 

I libs ang-ie at which it is inddeiil. 




Fig. 208. 
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41° 41' the light of a wai-candle ia wholly polarized by 
finty-aeven plates of glass, and at an angle of 79" IV it 
ia polarized by eight plates. Plane polarization ia also 
produced by the double refraction of erjstals : each of the 
two pencila is polarized, like light reflected from glass, at 
an angle of 56° 45', but ia opposite planes. 

The chromatic phenomena of polarized light are of ei- 
ceeding beauty. If pularized light be transmitted througii 
thin shcea of crystallized bodies, which have been cnt in 
the direction of their primary axis of crystallization, the 
light, on being polarized a second time, displays some 
remarkable changes. Sir Daiid Brewster remarks, after 
describing some of these experiments made with Icdand 
spar — " It does not appear, from the preceding experi- 
ments, that the polarization of the two pencila is the 
effect of any polarizing force resident in the Iceland spar, 
or of any change produced upon the light. The Iceland 
spar has merely separated the common light into its two 
elements, according to a different law, in the same manner 
prism separates all the seven coloura of the com- 
pound white beam l)y its power of refracting those ele- 
mentaiy colours in different degrees. The re-nuion of 
the two oppositely polarized pencils produces common 
light, in the same manner as the re-union of all the sevwC 
colours produces white light." 

place upon the stand of the polariseope a thin 
film of sulphate of lime or mica, so that the polarized nty 
passes througii it, we s\ni\V Mfc \V.a wnfeEn onrered with 
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the most beautiful colours ; and by turning the plate we 
make them dissolve, and re-appear with a change in their 
order, in a manner which is very striking. Coloured rings 
are formed about both the axes of such crystals as have 
two axes, these being intersected by the form of a cross, 
as shown on the upper figures of the Frontispiece. Those 
on the lower part represent the figures formed by placing 
two imiaxial crystalline plates across each other, and in 
the polarizing apparatus turning them round their own 
plane. The black or white cross is then faithfully and 
uniformly delineated, and the complementary bands pro- 
duced at will. 

Circular polarization is produced by light when it is 
twice totally reflected from the second surfaces of bodies 
at their angle of maximum polarization. It may be pro- 
duced by rock crystal, and, as discovered by Seebeck and 
Biot, in passing through certain fluids. It has, indeed, 
become a means of the most delicate analytical research ; 
the adulteration of any fluid body being at once detected 
by the alteration of its order of polarization. 

Elliptical polarization is produced by reflections at 
angles between 70° 45'' and 78° 30', from the polished • 
surfaces of metals ; tin having the greatest, and gold the 
least, polarizing angle. The discovery of this is due to 
Sir David Brewster, to whom this branch of optical 
science is under many obligations. Further information 
on this very complicated subject must be sought for in 
the works of Herschel, Brewster, Biot, PowiWeX., ^x^*^ kx\N%^. 
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ACTINI3H. — The chemical agency of the sun's rays has 
iKoeived this name, which signifies nothing more than 
I ray poteen and its operations are manifested in many very 
I Btriking resnlts. If, upon a. piece of paper covered with 
I uhloiide of silver, the prismatic spectrum is thrown, it 
L a short period, mark out the CDTtous image 
I shown on the left-hand of the frontispiece. Upon ei- 
I amining it, we shall find that where the most l^hl fell 
I upon the paper — i. e. the yellow ray — no chemical change 
I takes place ; the paper begins to darken within the limits 
I of the green ray, and the chemical change proceeds with 
I the utmost iotensity through the bine and violet. Be- 
I fond the spectrum, where there is no light, the chemical 
I cliBiige is to be traced over s consideiable ^pace. The led 
I lay, upon some preparations, produces a decided chemical 
I (diange ; but over the space marked by the extreme red 
■lay (the maximnm heat-point) no chemical change is 



By the use of absorbent media we are enabled to 

|:fieparate the luminous and the chemical principles of the 

s rays from each other. If we take a veiy dark cobalt- 

I blue glass, we shall find that, although it will obstruct a 

I considerable amount of light, if does not in any way pre- 

I vent the free permeation of the chemical rays ; papei 

spread with any sensitive preparation, or a Daguerreotype 

plate, is as rapidly affected as if no such screen had been 

interposed. On the contrary, if we take a pale yellow 

dass stained wilH Dx\dB o^ sAnct, eoA ^Wk the most 
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seositivG phofographic preparation behiad such a medium 
(or we may employ water ataincd yeUow with the bichro- 
mate of potash), wc shall discover that although no li^M 
ia interrupted, all chemical change is prevented. Not 
only doea the lumiaouB power of the sunbeam not pro- 
duce chemical change, hut it protects from the disturbing 
force of Actinism. 

This is shown by the following experiment (Fig. 209) : — 
L, a sunbeam, falle, after passing through a small hole in 




a window- shutter, a £, on a prism, e ; and the refracted 
ray, after passing through a screen of pale yeUow glass, i^, 
fails upon paper spread with the most highly sensitive 
photographic material, ff/. In alt cases there is a suffi- 
cient tiuantity of diffused light to act slightly on such 
sensitive preparation, consequently the paper darkens 
slightly over every part except that upon which the bril- 
lieitt^ luminous apectnun taUs. The jdlov ^^^'malksitifl 
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but slight alteration in the colours of the prismatic image, 
aud none whatever io its illumiDatiiig power ; but it has 
obstructed the chemical priucipk, and the luminous rays 
protect the paper from cLaoge. If the sunshine 
llected from a mirror upon the paper, without at all dis- 
1 lurbing the previous arraogement, it will be found that 
every part tvill blacken except that portion on which the 
luminous rays fall. 

It ia thus distinctly proved that the solar beam con- 
sists of three principles : — Light, IntainoiM power, which 
produces the phenomena of cobur, and is the external 
cause of vision ; Heat, catori^ poieer, the principle whidii 
determines, by its antagonism to cohesion, the phyaioal 
forms of matter; and Actinism, t/ie cheiaieal priifdple,^ 
upon which depend all the chemical changes involved b- 
the photograpldc processes and all the important chemical 
processes in the vegetable world, and probably also in tha 
other kingdoms of natiu'e. 

Photography — light-drawing , as it is most unfortu- 

1 nately called, since light, it is shown, opposes the che- 

I micol change upon which the production of these picture* 

I dqiends, — consists in preparing a silver plate by esposinj 

it to the influence of iodine, or in spreading upon pap^ 

I either the chloride, iodide, or bromide of silver, and esdt> 

[ ing these to the point near wMch change would take plao^ 

'\a the dark, by a wash of either the protosulphate of iron 

or of gallic acid. It is then ])laced in the camera obacuT8» 

Lthat instrument being ^"syiBaaVj adywted Cor the image 
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of some external objeirt to fall upon the pkte oi pnper 
when it ia slid into its place. Helativelj, the quantity of 
light and of actinism reflected from any object are the 
same ; therefore, as the light and shadowa of the luminous 
image vary, ao will the power of producing change upon 
the paper vary also ; and the result will be the production 
of OB image which will be a faithful copy of nature with 
reversed Ughts and shadows. The lights darken the 
paper, while it is preserved white in the shadows ; this ia 
called the mgatiee image. 

If the picture is to be obtained on a silver plate — the 
process of Daguerre — the image is not allowed to de- 
velope itself in the camera; but is evoked by the agency 
of mercurial vapour. Tliere are aomo remarkable physical 
phenomena connected with the bringing out of the dor- 
mant imiige, wliicli deserve attention. The iodized silver 
plate ia taken from the camera without there being any 
trace of an image, even when examined by the highest 
magnifying power : but the vapour of mercury, condensing 
oil the plate, arranges itself in the most uniform manner, I 

each layer of mercurial vapour being, relatively to every 
other one, according to its thickness an exact measure of J 

the quantity of solar action. Where the shadows are m 

deep, there is scarcely a trace of mercury ; and where the I 

lights are strong the metallic dust is deposited of consi- | 

derable thickness. Certain forces residing on the surface 
of bodies — epipoUc forces — have been already named; ^H 
^^^Bi may he the true nature ot tkeae ■we Vno's wa'j.iNwS. V 
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it appears that under the agency of the solar radiations 
they are either exalted or depressed, and to this, 
considered that the deposition of the mercucy on 
Daguerreotype plate is due. The development of the pifr" 
ture in the calotype process of Mr. Talbot, and b 
exceedingly sensitive Ferrotype of the author, is due to 
the action of gaUic acid in the first, and of the protosnl* 
phate of iron in the last; the change — de-oxidation-^' 
being determined by the momentary influence of actinism. 
Draper first showed that a substance espoaed to sunshine 
assumed a coudition diilerent from that which it had if- 
preserved in darkness, lie found that chlorine ai- 
posed to sunshine ncijiiireil the power of uniting with 
hydrogen, under circumstances where chlorine prepajwl' 
in the dark would not enter into combination with.' 
that gas. The author subsequently discovered that a 
solution of the protosulphnte of iron exposed to sunslmw 
would precipitate gold or silver from their solutions much 
more rapidly than such as bad been preserved in dark- 
ness; and, indeed, that the solutions of silver and gold 
appeared to acquire a new condition by a similar c 
sure, being more readily acted upon by any decomposing 
^ent than such solutions as had been kept iii the dark. 
It might be inferred from this, that something bad actually 
been absorbed fay the solutions, particularly aa this 
condition is retained for some time by the solutions; 
but I imagine that the results ore to be explained by ni 
mere change of condition. That such changes may be 
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produced is strikingly proved by the formation of an allo- 
tropic phosphorua. If this wasy-looting and higlily com- 
bnstible body is sealed up in a glass tube, and subjected 
to the influence of the solar spectrum, that portion which 
is exposed to the action of the least refrangible rays be- 
comes red and granular, and it will be foixotl, upon 
examination, to have lost much of its combustible cha- 
racter; that portion acted on by the moat refrangible rays 
ondergoing no such change. 

We may therefore understand how, before any actual 
chemical change has taken place in the sensitive surface of 
the photographic tablet, that a physical alteration may be 
set up, thus determining t^iwards a chemical change; and 
any proper agent employed, turns the balance of action 
immediately in that direction. 

The HelioijTiiphic process of Niepce consisted in ex- 
posing a surface covered with resin to the solar rays : — 
that portion on which the bright light fell became much 
more soluble than those parts which had been influenced 
by the weaker rays, and could consequently be dissolved 
off before the other portion. lu this case I apprehend a 
physical change alone is effected. 

This ia not the proper place for describing any of the 
photogrnphic processes; but it may be correct to mention 
that Sir John Herschel lias employed gold, iron, mercury, 
and vegetable juices, as photographic agents ; that the 
author has fomid that platinum, nickel, cobalt, manganese, 
[ a^ a great variety o f other bodies are influenced 
2l2 
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i rays. Beyond this, it has been demonstrated that 
lithe pure polished Burfaces of nearly all the metals, of 

I, of mttible and slate, and even the surfaces of wood, 
liLre GDSceptihle of molecular disturbance under the in- 
Ifluence of sunshine. The truth of an assertion made by 

■ Miepce is fiilly confirmed. During daylight eveiy body, 
Bboth organic and inot^enic, is undergoing a change; ami 

■ it has bcea as satisfactorily shown, that during the hours 
Kif darkness all matter has the power of restoring itself to 

■ the condition in which it wns previously to the deatrucihe 
Wttctioa of the sunshine ; therefore, night and rest are neces- 
Ksary to the permaneuce of the solid earth. 

Dr. Wollaston was the first to prove that the rays at 
■■one end of the spectrum had the power of undoing what 
I the rays at the other had effected. By exposing to sun- 
lahine a paper washed over with an alcoholic solution of 
l.gum guaiacum, he found — that it lost its yellow-brown 
Icolour and became green, — that this was due to the most 
■<ehemicaUy active rays, and that the original colour was 
f restored by the action of the least refrangible radiations. 

That this is due to thermic action is evident from the 
I circumstance that artificial heat produces the same effect. 
This dual influence of the spectrum has been obserFcdin 
I a great variety of instances. When papers, covered with 
loxide of silver and washed with an iodine salt, are exposed 
I to the influence of the spectrum ; over all the space covered 
Iby the blue, indigo, and violet rays, and by the invisihlft 

rays beyond the luminous ima%e, \V \% tUor.^^rf-, but over 
ce covered by tUe Teiia-s4"'A-*^'»>hlD.c1«««a.. 
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The influences exerted by the solar raya on electrical 
phenomena are siifficiently curiooa, and, as far as they go, 
instructive ; althougli these have not beea sufficiently 
examined to enable us to determine any law of action. 

In a galvanic arrangement, it has been found that when 
the violet raya are thrown upon the positive plate the 
action is increased, and that when the yellow or red rays 
are projected on it there is no influence. Edmond ^Bec- 
querel, by employing screens of variously coloured glass, 
obtained the following results : — 

Colour of Bcreeua. Intenaity of current. Helativc effects. 
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These glasses had not, however, been previously examined; 
we know not the rays which actually passed through them; 
therefore we only obtain, as a general result, the indica- 
tion that the chemical end of the spectrum produced the 
greatest electro -chemical action. The results, however, 
which have been obtained, and which have been briefly 
described, go towards establishing the fact of the existence 
of three physical principles in the solar radiations, namely, 
XilQHT, — Lutninoua poKO", producing the phenomena of 

vision and all the effects of colour. 
HaAT. — Calorific power. 
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Actinism. — ChemKol poKer, distinguished from the other 

two by its being nou-limiinous, nitd possessing no tber- 

tuic artion. 

These are assoeiated in operation, heing balanced against 
each other in the sunbeam jn auch a beautifully harmo- 
nious order, that the influences of oacli are modified. 

The operations of these forces or principles on the 
organic world are remarkable. These are best eiempli- 
fied by the influences which we detect when the radiatioiH 
are made to act, as perfectly isolated as possible, upon 
plants in the various stages of their growth. The follow- 
ing quotations from the author's report on this suliject to 
the British Association, will place this question ia the 
moat satisfflCtoiy point of view. 

" Without entering into any discussion in thia place on 
the probable existence, or otherwise, of a principle distinot 
from light and heat in the sun's rays, to which ta refer 
the curious chemical changes produced by solar inflnence, 
it will be Euf&dent to admit the existence of three distinct 
classes of phenomena, which cannot, I think, be disputed. 

" These are — luminous influence, calorific power, and 
chemical excitation. 

" The problem which these researches were directed to 
solve, was the proportion and kind of influence eserf«d by 
light, heat, and actinism, in the various stages of vege- 
table growth. 

" The means we haye of separating these phenomena 
from each othei aie aot \ftT^ ■fcrfecV ■, ioAwd, ia the jre- 
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sent state of out knowledge, it is impossible to hme evi- 
dence of tbe operettous of eitbei light, heat, oi actiiiism 
absolutely separated from each other. If we use the pris- 
matic apectruni, we have over every portion of it a mix- 
ture of effects. Evea in the mean yellow, or most bimi- 
nous ray, we have a considerable amount of thermic 
action, and, under some circumstances, evidence of che- 
mical power. Itt the violet rays, which have been parti- 
cularly distinguished as chemical rays, we have light and 
heat ; in the calorific rays, we have decided proof of both 
iurainous and actinic power. In the experiments which 
have been made with the prismatic spectrum, we have in 
fact no certainty that the results stated to be due to a 
particular my— tliat ray being regarded os the representa- 
tive of a particular phenomenon — are not the combined 
effect of the three forces. 

" The same objections apply to absorbent media, but 
the amount of each influence is readily determined ; and 
we are therefore enabled to refer any particular result to a 
tolerably well-defined agency, 

"All the esperiments recorded in this report have been 
made under the action of those radiations which have 
permeated variously coloured media, such as tinted glass 
snd coloured transparent fluids. It is not auffident to 
state that a yellow, red, or blue glass or fluid was em- 
ployed, as it by no means follows that these media are 
parmeated only by the raya corresponding in colour, or by 
the influfiflcea due to a given order ot Tetiaa^^'^ . 
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" The amoimt of light has been determined hy mea- 
suring off the prismatic rays which pass the screen. This 
is preferable to any sygtem of measuring which depends 
upon the power of the eye to appreciate either light or 
shadow. Having formed a well-deflneJ spectrum ( 
white tablet, and carefully marked off the centre of the 
yellow ray as being the point of maximum Ught, and the 
limits of each of the other raja, the transparent coloured 
im was interposed and the amount of absorption 
observed. These examinations, many times repeated,, 
were made with reference to the luminous rays only ; and 
n the description of my experiments, I shall, considering 
the nnahsorbed ray as being represented by 100, express 
the amount of light actually effective by such a number as 
may give the sum of the rays measured off after per- 
meation. 

" Tlie calorific influences which escape absorption, 
which haye been determined by the expansion of thfi 
mercury in a thermometer with a blackened bulh placed 
behind the coloured glass or fluid, and by the evaporatioo. 
of ether from a sheet of blackened paper, as recommend 
by Sir John Herschel, will be expressed numerically 

lame way as light, without reference to the colour of 
any ray. I am far from considering the thennic inHa- 
s of the solar rays as quite independent of the colour 
of the ray with which they may be associated, but in these 
experiments on plants, it appears to me, we can only deal 
flfltisfaetorily with the total a.\ttQa.D,t of wdiaut heat mhidi 
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is active under the conditions of the experiment, the terres- 
trial heat being in all comparative experiments the same. 

" The determiDation of the chemical principle of the 
solar raya, or actinism, permeating the media employed, 
required more exact attention than tlie other phenomena. 
Dr. Dfluheny ascertained this by placing paper washed 
with nitrate of silver behind the coloured screen ; and in 
my early experiments I was satisfied with using tolerably 
sensitive chloridated photographic papers for the same 
purpose. 

" The experience of many years enables me now to 
state that we are not acquainted with any transparent 
medium which is absolutely opake to actinism. Although 
nitrate of silver, or indeed any of the suits of ailvcr remain 
unchanged behind yellow glasses and fluids, yet chlorophyl 
is deoxidized and turned yellow by the chemical principle 
which is enabled to permeate them. Upon all those 
bodies on which light exerts a direct and determinate in- 
fluence, as upon the organized compounds, we And that 
the changes due to actinic power euc but slightly interfered 
with, whereas upon all those inorganic bodies which 
undergo a change when exposed to the solar chemical ra- 
diations, that change being entirely due to actinism, light 
acta as a powerfully interfering agent, The conditions 
under which these antagonistic forces — light and actinism 
— operate upon each other are unknown to us, but it is 
certain that every combination of an inorganic salt with an 
organic bodj' preaents a dilTcicnt ecale ot «idv:io.. 
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^^M "As it is, liowever, possible, that some source of error 

^^F Bmy exist in loy experiments, I ahail distinctly state every 

form of apparatus employed by me, and the actual coU' 

ditions of the solar radiations under which the different 

resiJts were obtained. 

" In the first place I shall record my experiments on 
germination. 

" It became important to determine if any effect was pro- 

Iduced by white light. For the purpose of ascertaining 
this, a quantity of common cress {lepidtum aatieuoi) and 
tumip-seed (Brasaica najnn) was placed upon moist earth, 
and very lightly covered with fine sand ; one half was 
screened from the light by a blackened board, and the 
other freely exposed, Vader the shaded half the germi- 
nation was between two and three days in advance of the 
exposed portion. 
"This experiment was repeated, using a glass trough 
containing a weak solution of bichromate of potash half an 
inch in thickness, over the illuminated portion. This so- 
lution admitted the permeation of eighty-seven parts of 
the lurainona raya, ninety-two of the calorific rays, and 
twenty-seven of the eheraica! raya. The object in this in- 
stance was to ascertain if any greater retardation was pro- 
duced by the luminous rays, from which the chemical 
principle was to a considerable extent removed, than by 
L pnre white light, which it will be borne in mind I propose 
[to regard as a compound of one hundred parts of each, 
Pliglit, heat, and actinieiQ. Ite lewii.-w™, ttwAtlie seeds 
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under the influence of this yellow medium, did not ger- 
minate nntil five days after the seeds in the dark part of 
the box. 

" "Upon substituting a aolittion of sulphate of chromium 
and potash which admitted the permeation of eighty-five 
parts of light, ninety-two parts of heat, and only seven of 
actinism, the germination was preveiited entirely in four 
experiments ; and in the fifth, ten days after the seeds in 
the dark had germinated, hnlf a do?;en of seeds of cress 
showed symptoms of germination. These experiments 
were many times repeated, and always with similar results. 
We have thus satisfactory evidence, that light deprived of 
the principle or power of chemical action arrests the de- 
velopment of the plant, by preventing the vitality of the 
germ from manifesting itself, 

"Although the visible sign of germination is the pro- 
cess of chemical combination of the carbon with oxygen 
and hydrogen, yet the power influencing this change Is of 
an occult character, though evidently dependent on some 
external excitation, which I have proved not to be light, or 
the principle producing the phenomena of colour. We 
may now, without fear of being misunderstood, declare as 
a law, that in its relation to vegetable life Light prmenli 
germination, 

" It now became important to ascertain if the chemical 
principle of the solar rays produced any acceleration of the 
genninative process. With this view, a box was prepared, 
ia which was placed moist flanneV, ffad. ftai'sti^.Vs^^.-^**. ' 
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^■'1>y on unJer-Iayer of water. One half eoiUd be completely 
^P Boeened from the light, and the other half exposed to any 
influence which it waa thought desirable to try, 

"The lumiaous rays were obstructed by the interpo- 
aitiou of a series of blue glasses, and by solutions of sul- 
liat« of copper, or ammoniate of copper. 
" The tested glass admitted the permeation of — light 
iltty, heat seventy-two, and of actinism ninety parts. 
" The trough of sulphate of copper obstructed more 
I heat, but admitted the passage of a larger quantity of light. 
I It gave, on examinatiou, light sixty, heat Jifty-four, and 
I actinism ninety-three parts. 

" The solution of ammoniate of copper was of so deep 
I A colour that only twenty-five parts of hght passed it, and 

■ forty-eight of heat, whilst from ninety-three to ninety-fi?6 
I of actinism escaped any absorption. 

" Common cress {Lepidium «Qi!naBi),Mignionette {Reseda 
I odorata). Ten-week Stocks (Mathiola. incand), and Minor 
L Convolvulus, were placed on the moist flannel, and the 

■ tested glass frame being placed over the iindarkeued half, 
I the box. was exposed to sunshine in a warm room. The 
I oress under the actinic influence exhibited signs of ger- 

aation within twenty-four hours, but no change was 
i observable beyond a swelling of the seed from the absorp- 
tion of water over that portion in darkness : on the second 
day all the cress had germinated over the exposed 
parts, and the other seeds were apparently in a forward 
condition, whereas in iWdort.'wMi.ya&efjK.'jtiQn of the 
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creas in which germination was eatabliahed, bat little 
alteration was seen in the other seeds. Although the 
period of germination differed in each variety of these 
seeds, under the conditions to which they were exposed, 
yet in every instDuce the seeds influenced by actinic ra- 
diations germinated in one-half the time of those seeds 
placed in the dark. 

" The esperiment was repeated, the seeds being placed 
in earth instead of on moist flannel, In every experiment 
the seeds gemiiuated in much less time under the influence 
of the actinic rays than in the dark. 

" Several arrangements were made for the purpose of 
ascertainiDg if the influence of the chemical rays was con- 
fined to the surface of the soil, or if they extended below 
it. The result was, that I obtained the most satisfactory 
evidence, that under the influence of the rays which passed 
the blue glasses, germination was set up at a depth below 
the surface, at which, under the ordinary conditions, it 
did not take place. The common crcaa, placed an inch 
below a somewhat clayey soil, germinated with difficulty 
under the ordinary conditions, but the influence of the 
actmic radiations was such, that germination was but 



slightly retarded. Various ot 



Ten-week Stocta 
Mi^DiDuclte . . 



seeds were tried, as, 
Seneeio vttlgarii. 
Qmiiolimlia minar. 
Vicia laliva. 
jivena saliva. 
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I In every iustaoce gennination was set up, by the agency of 

I the lailiations which had permeated the hlue glassi 
I leas time, and at a greater depth Id the soil, than h 
I paiatiTe esporimeats in which the seed was exposed to the 
B full inHuence of light and its associated radiations, as com- 
I bined iu the ordinary solar beam. 

I " It is evident, therefore, that this first spring of vitality 
I is due to some power or principle of solar origin, which ia- 
I very broadly distinguished from the Imninous or colour- 
I giving princijde. The manner in which this power is ex- 
I erted on seed beneath the soil is not dear to us ; we know < 
I not if it is a mere disturbance of something abeady dif< 
I fiised through matter, or an emanation from the sun : all 
I we are enabled to diKlare, is, that i/10 germi>Kiim ^ teedl 
I H more rapid uju/^ t/te it^aence of the aetink rays, tepa' 
I rated from the luminous ones, than it is tinder tie infiuemg 
I qfthe combined radiations or in the dark, 
B "If the young plant continues to grow under the in- 
I flnence of the rays which have pennented the blue mediw 
I employed, it will for some time exhibit a luxuriant growth/ 
I and present in its early stages an appearance far superior 
I to that of plants grown under other modified influences^ 
I or even under white light : the leaves will be of a darken 
I green, and altogether externally show signs of vigorous 
I health. Even in the earliest stages of growth it will be 
I found, however, that the plants grown in the full sunshine, 
I or under the influences of yellow or red media, repre- 
Iffinticg the lummotts and MAonfic ■^■riad^ka, ijive a ki^er 
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qaaDtlty of woody fibre and leaa watet than tliose grown 
under actinic influence. Comparative experiments were 
several times made for the purpose of testing this point. 

"By continuing, however, tlia experiment for a longer 
time under the influences already described, we learn 
that the actinic radiations exert a power on tlie plant, 
which, although I have previously described it, I shall 
particularly call attention to in this place. 

" It frequently happens, when the media employed cut 
off a large quantity of ligbt and admit the actiuic principle 
freely, that no formation of leaves takes place after the 
development of the plumule or first !eaf-bud ; the young 
stem instead of solidifying remains soft, and, without in- 
o«asing in diameter, continues to elongate until at last it 
attains to an enormous length. Nothing like this occurs 
under the influence of either light or heat. It would 
appear that this abnormal condition is due to the excite- 
ment of the actinic rays, acting possibly with great power 
upon the living principle in the roots, by which the elabo- 
ration of some oi^anizable matter is produced, which they 
supply as food to the stem; but, as there ia but little 
power to decompose carbonic acid, there is not the neces- 
sary supply of carbon to give rise to those stems and 
leaves which naturally form upon the primitive stem. 

" This power of decomposing carbonic acid under the 
influence of the solar rays is a function due to some vital 
principle ; for I have again and again proved the correot- 
neaa of Mntteucci's statement (,S\ip^\£m6ti\. a. Xs. "SiJiisi- 
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theqae Univeraelle de Geneve), that 'tonte rapSce de 
fenille qni a 6te coapee et broy^ oe donne plus de trace 
d'oxygeDB quand on Texpose an soleil dans de I'eait im- 
pregnee d'acide carbonique.' Further than this, I have 
found that more oxygen is given off from a growing plant 
than liom a branch broken from the plant ; and that still 
less ia given off from the leaves cut from the branch than 
when they are attached to it. 

"I have, from numerous experiments which I have 
made, every reason to beheve, that it ivill be found that 
there is as great a difference between the effects produced 

a growing plants by the prismatic rays, as we know to 
be the case on photographic preparations ; the maximum 
effect altering, perhaps, for every variety of plant. 

"The conclusions I am induced to draw from these ex-- 
periments are, that the luminous principle of the Bua's- 
raya is eaaential to enable the plants to effect the decom- 
position of the carbonic acid of the atmosphere, and form 
the woody structure; that some plants requite more light 

lan others to effect this decomposition; as, for inatance, 
we find the sage and ten-week atocks decomposing car- 
bonic acid with leas light than the cabbage or mint ; and 
it would appear that the increase of the lurainoua excite- 
ment beyond a certain point does not produce a corre- 
sponding increase in the quantity of gas liberated from the 
leaves of these plants. ' 

" I have rarely succeeded in getting plants to flover 
under the Influence of any of the media which cut off ttioae 
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rays usoally termed the calorific rays. For instance, 
under intenae yellow, deep blue, or very dark green gksaea, 
however carefully the plants may have been attended to, 
there was seldom any eiidence of the exertion of their 
reproductive functions. This evidently aiises from the 
necessity of some check upon the chemical actions which 
depend on light and actinism, and which exhaust the 
elements in the formation of wood and the vegetable 
juices necessary for the production of those principles 
which go to the preservation of the species. By removing 
plants when iu a healthy condition from the influences of 
isolated light or actinism to a situation where they may 
be exposed to the effects of those heat radiatioiiB which 
are of the least refrangible class, flowers and seed are 
rapidly produced. 

" This is not an effect of heat {quoad heat), since the 
same temperature may be maintained under all the cir- 
cumstances, yet if the red rays are obstructed, flowers 
will not form. It ia therefore evident, that this very re- 
markable property must depend upon some function pe- 
culiar to this class of rays. The researches of Sir Jolm 
Herschel, Dr. Draper, M, Claudet, and myself, on the action 
of the raya of the spectrum on photographic preparations. 
most materially assist us in explaining this phenomenon. 

"The results to which my experiments have led me, 
are — 

" lat. Light prevents the germination of aeeds, 

"2nd. Actinism quickens germination. • 
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" 3rd. Light acts to effuct the decomposition of carbonic 
add by the growing plant, 

"4th. Actinism and llglit are essential to the formation 
of the colouring matter of leaves. 

" 6th. Light and actinism, independent of the calorific 
lays, prevent the development of the reproductive organs 
of plants. 

*' 0th. The heat radiations, corresponding with the ex- 
treme red rays of the spectrum, facilitate the flowering ol- 
plants and the perfecting of their reproductive prindplea. 
" In the spring I fmd the actinic principle the moi 
active, and, as compared with hght and heat, in ooi 
siderable excess. 

"As the satnmer advances, the quantity of light aa 
heat increases relatively to the actjnic principle, in a va 
great degree. 

" In the autumn, light and actinism both diminish, an 
the calorific radiations are, relatively to them, by &t tb 
most extensive. 

" It should be again esplamed, that by ligkl I mean ta 
express all those rays of the spectrum which are visible 
a perfectly-farmed human eye ; by aclinic principle, the 
principle to which the phenomenon of chemical change 
under solar influence belongs; and by calorific radtaUoiui 
not merely those eflects which are traceable by any theN 
mometric instruments, but also those which we can detect 
by the protection fi'om change, produced by a class of ray< 
I existing near the point of maximum heat in the spectrum; 
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" These discoveries teach some important truths ; and, 
at the same time as they appear to confirm in a most 
satisfactory manner the conclusions to which my results 
liave led me, they point to an order in the natural ar- 
rangement which is singularly interesting. 

" In the spring, when seeds germinate and young vege- 
tation awakes from the repose of winter, we find an excess 
of that principle which imparts the required stimulus ; 
in the summer, this exciting agent is counterbalanced by 
another possessing different powers, upon the exercise 
of which the structural formation of the plant depends ; 
and in the autumnal season these are checked by a mys- 
terious agency, which we can scarcely recognize as heat, 
although connected with thermic manifestations, upon 
which appear to depend the development of the flower 
and the perfection of the seed." 

It has now been shown that aU matter is under the 
influence of certain fixed laws which regulate its molecular 
arrangement, and we regard these as mechanical forces ; — 
that the operations of these are modified by the influences 
of heat, electricity, and probably of light. Chemical forces 
come most actively into play in determining the con- 
ditions of ponderable matter ; but beyond those chemical 
phenomena which are due to the operation of a radiant 
power — actinism, — it has not been thought advisable to 
involve the present treatise with any consideration of the 
laws of affinity. 

We shall see, upon consideration of the subject, that 

2 o2 
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I the present condition of the earth on nbicb we live, is due 
: antagonistie operations of the phyaiccl forces we 
r liave been studying, aodthat from the harmonioua action 
I of these, apricgs that order and beauty which la spread 
I around us. In the smallest dust floating on the Buminer 
; all these physical forces are as much in action as 
t they are in the great globe itself, or in the living organiama 
' wbieli are placed upon its surface. Let it not, however, 
} be forgotten, that although the physical powers which we 
I hare been studying are necessary to Titabty, they do not 
I produce Life, — vital force is a power superior to eveiy 
I physical influence, holding them in strong suVijection, and 
it is only when death ensues that they are lell to act in all 
I their power on organic matter. 

It is important, too, to remember that every motion 
I which can take place in the material universe is due to ths 
[ operation of a physical force; that to physical powers 
I belong that motion which is demanded in the eternal pio- 
I gress of uature; and to argue tluit motion, may resolve 
* itself into the varied forms of force with which we are 
acquainted, amounts only to au admission of oui igno- 
rance of those vast powers wliich are created aa the great. 
controllers of the 



TABLE OF SPECIFIC GRAVITIES. 



Extraetedfrom Damet, Laooisier, Toungy and other authentic sources. 
Note, — ^Water at 60° is assumed 1000 specific gravity. 



MINERAL PRODUCTIONS. 



Plotiniim, purified 
I liammered 
Pore gold, cast 
hammered 

Mercury • • 
Lead, cast . . 
Silyer, pure, cast 

liammered 

Bismuth, east 
Copper, cast 
wire 
Brass, cast . 

wire . 

Cohalt, cast 
Nickel, cast 
Iron, cast 

har 

Steel, hard, not screwed 
soft, not screwed 



19500 

20336 

19258 

19361 

13568 

11352 

10474 

10510 

9822 

8788 

8878 

8395 

8544 

7812 

7807 

7207 

7788 

7816 

7833 

Loadstone 4800 

Tin. cast 7291 

Zinc, cast 7190 

Antimony, cast .- . . 6702 

Tungsten 6066 

Arsenic, cast .... 5763 



Molybdenum . , . . 
Spar, ponderous . . . 
Ruby, oriental . . . . 
Gramet, Bohemian . . 
Sapphire of Puy . . . 
Topaz, oriental . . . 
Beryl, or oriental aqua- 
marine . . . . 
Diamond, rose-coloured . 
— — white . . . 
lightest . . . 



Glass, flint 

' white .... 
— — bottle . . ... 

• ■ green . . . .• 

Muor 

Serpentine, green . . . 
Mica, black .... 
Basaltes, from the Giants' 
Causeway .... 
Marble, white, Parian . 
■ green .... 

■' ' red .... 

white, of Carrara 

Emerald, Peruvian . . 



4738 
4430 
4283 
4188 
4076 
4010 

3548 
3531 
3521 
3501 
3329 
2892 
2732 
2642 
3191 
2988 
2900 

2864 

2837 
2741 
2725 
2716 
2771 
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Porptjij, red .... 

AlabotUr, white, uitiqna 
CalcBTCanB ipsr, rliombic 

pyramidttl 

SlaU 

PiWt-Btone . . . 
0aj3, petble . . . 
Chalcedony, (ranspttrenl 
Gmnite, Egyptinti, red 
Rock crjBltd, piiro 
Araoqitona quartz 
Agnte, oayi 
CorncliBn 
SardoDjx 
Fuibeck etooe . 
nint, white 

- blutlash . 
Agate, oriental 



I Portlajidst 



Patiiig-Btoue . 

Porcelain, Chinen 

Seimita , . . 
Grindalcne . . 






Sniphnr, nstiTB 
Nitre . . . 
Brick . . . 
Plumbago . . 
Alum ... 

Coal, Scatch 
Newdflfltlfl 

Jet 






l(^,prnMly . 







S48S 
241E 
2411 



2ur 

31S0 

2033- 



2001 

isei 



1SS8 



Sulphuric add ... . 1840 

Ph. LnndDD . 1850 

Nitrous acid. Ph. London 1550 

Nitric acid 1317 

Water of tlie Dead Sea . 1310 



Sea water 

Muriatic acid .... 1194 
Wflterof the Seine, fillMcd 1001' 
Naphtha 



JCinoas. Lavoiiiei . 

Barometer 30. Thermoraetar 62". 

Sulphuroua acid gaa 2'a66 

Carbonie acid gas l-fiOO -00176 

HitrouB gaa , 1-194 

Sulphuretted Iljdrogeu .... 1-106 
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Ktnaan. Lavoitier. 
Barometer 30. Thermometer 52°. 

Oxygen gas 1-103 -00137 

Atmospheric air 1000 '00128 

Nitrogen gas -985 '00120 • 

Ammoniacal gas *600 

Hydrogen gas *084 '000096 



Sugar, white 
Gam Arabic 
Honey . . 
Catechn 
Pitch . . 
Copal, opake 
Yellow amber 
Malmsey, Madeira 
Cider . . . 



VEGETABLE PEODUCTIONS. 
. 1606 



1452 
1450 
1398 
1150 
1140 
1078 
1038 
1018 



Vinegar, distilled 
Water at 60° . 
Bordeaux wine 
Borgandy wine 
Turpentine, liquid 
Camphor . . 
Linseed oil . . 
Elastic gum 



ANIUAL SUBSTANCES. 



Pearl .... 
Coral .... 
Sheep's bone, recent 
Oyster-shell . . 
Ivory .... 
Stag's horn . . 
Ox's horn . . . 
Isinglass . . . 
Egg of a hen . . 
Human blood . . 
Milk, cow's • . . 



2750 
2680 
2222 
2092 

1917 
1875 
1840 
1111 
1090 
1053 
1032 



Wax, white 

yellow 

Spermaceti . 
Butter . . 
Tallow . . 
Fat of hogs 

veal . 

mutton 

beef 

Ambergris . 
Lamp-oil 



WOODS. 



Pom^ranate-tree 
Lignum vitse . 
Box, Dutch 
Ebony . . . 



1354 
1333 
1328 
1177 



1009 
1000 
994 
991 
991 
988 
940 
933 



•96 

965 

943 

942 

942 

937 
984 
923 
923 
926 
923 



Heart of oak, 60 years 

felled 1170 

Oak, EngUsh, just felled 1 rillS 
— «* the same, seasoned J \ 748 
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Oak, Engl., usually stated at 925 
Bog oak, of Ireland . . 1046 
Teak, of the East Indies 745-657 



S^ogany . 
Fear-tree trunk 
Medlar-tree 
Olive-wood 
Logwood 
Beech . . 
Ash . . . 
Tew, Spanish 

Dutch 

Alder . . 
Elm . , 
Apple-tree . 
Flum-tree . 
Maple . . 
Cherry-tree 
Quince-tree 
Orange-tree 



1063-637 
646 
944 
927 
931 
852 

845-600 
807 
788 
800 

800-600 
793 
755 
755 
715 
705 
705 



Walnut 

Pitch pine . . . . . 

Red pine 

Yellow pine . . . . 
White pine .... 
Fir, of New England 
— - of Biga . , . . 
— - of Mar Forest, Scot- 
land . . « . . 

Cypress 

Lime-tree 

Filbert wood . . . . 

Willow 

Cedar 

Juniper 

Poplar, white Spani^ 

common 

Sassa&as wood . . . 
Larch, of Scotland . . 
Cork 



INDEX. 



Page. 

Aberration of light 892 

Absorption of light 369 

Accidental properties of matter 8 

Acoostics 176 

Actinism and light 879 

Hay power 480 

Adams on the planet Neptnne 51 

Adhesion of snails, &c. . . . . 141 

Aerial currents 155 

Adhesive force of flowing water 125 

Adiathermasy and Diathermasy 878 

Agents, photographic 486 

Aggregative attraction 15 

Air, a fluid 187 

impenetrability of 188 

phenomena of waves of 184 

resistance o( to falling masses 58 

Air-pnmp 142 

Amorphous bodies 88 

Amp^'s theory of magnetism 813 

Anatomy of the eye 88' 



458 INDEX. 

rage. 

Animal electricity : animals possessing power of generating 

electricity 265-267 

— phenomena of 264 

Aneroid barometer 152 

Aqnedncts, Roman 108 

Aqueoos vapour in the atmosphere . . .* . 156 

Arago on electro-magnetic induction 317 

Archimedean screw 130 

Archimedes, the laws of specific gravity developed by . 68 

Artesian wells 109 

Assimilation in animals effected by endosmose ... 30 

Atmosphere, condition of 135 

a magnetic medium 327 

absorption of heat by 155 

electricity of 283 

Atmospheric refraction 398 

Atom, ultimate 3 

Attraction, cohesive 15 

at insensible distances 1 

Attwood's machine for falling bodies 57 

Aurora Borealis, description of 328 

Avoirdupois weight 65 

Bailey's (Francis) experiment on gravitation ... 45 

Balances 64 

Balls, whirling 12 

Barker's mill 127 

Barometer, the 148 

fluctuations of the 161 

Beam, the 63 

Becquerel's battery 252 

BeUows, hydrostatic 117 

Bernoulli on flowing water 128 

Biot on the limits of the atmosphere 137 

Bodies, fedling, deviation of 58 
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Page. 

Bodies, moving, influenced by gravitation . . . . 66 

reduced to a solid state by Thilorier*8 bath . . . 360 

Boiling point of water 354 

Bologna, leaning tower of 72 

Boutigny's experiments on heat 377 

Boyle on the divisibility of matter 2 

^— on the elasticity of the air 139 

Bramah press 116 

Brunei on the firactnre of iron 38 

Brougham's (Lord) investigations of light . . . .881 

Bmisen's voltaic battery 250 

Buoyant force of water 120 

Caloric, or heat 331 

or principle of heat 887 

conduction of, through solids 346 

radiant condition of 865 

absorption of 869 

Calorific phenomena of electricity 268 

power 487 

Calotype process 484 

Canton on compressibility of water 106 

Camera obscura, construction of 388 

Q^illary attraction 20 

Carbon, different conditions of 84 

Catalysis 19 

Catoptrics 898 

Caoutchouc, elasticity of 89 

Cavendish, experiment on gravitation 45 

Cells, vegetable . 88 

Centre of gravity . 71 

of inertia 74 

Centrifugal force . . 97 

Centripetal force 97 

Ceruliu, extreme divisibiUty of 8 
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Chstswortb, gicat foontdn at . 






109 


^m Chemicul action inspended at high temporatnres 






377 


^^H ' power of the solar nije 






43S 


^H Oiernktrj, great hot not infinite divisibilitj prov 


dbj 




3 


^H Cluldrea-e voltaic hntteiy .... 






m 


^^H duDese bend-pamp9 






133 


^H Cbromitic aberration of liglit . 






41B 








BflS 


^H Choke-dimip 






178 


^H CiimB dond 






166 


^H Circle, the 






48 


^B Clocks rcguUted b^ pendnluma . . . 






61 


^B Clouds 






184 


^H 'Cbmrait-DraonDra on the Sow of compresBed air 






174 
128 








171 


Cohesion 






1,16 


Colonr, not a teat of difference of refrangibility 






409 








40S 








4S1 


^h Compoeitian of motion .... 






e2 








106 


^r CompreBsionofnir 






139 








83 


Conducting power, Hnmford on . 






348 


Conic Bectiona 






48 


^K Constrortion of thermometer 






341 


^L ofpenduluus 






sio' 


^^H Coulomb's tursion babince 






810 


^^m Ojataja, increaao of, not growth 






87 


^H CjTBtallimtion, earthy and metallio . 






30 


^^M • of substanccB of dla-magnetic character 






300 


^B byadiUine Btruoturc .... 






38 


^H Cmnnlua cloud 






165 
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Page. 

Cmrents, and effects of various coloured glass screens . 487 

Cycloid, the 83 

Cydone, the 99 

Darnell's hygrometer 162 

pyrometer 343 

voltaic battery 260 

Dagnerre, process of 433 

Definite proportions a proof against infinite divisibility . . 3 

Density of the atmosphere 135 

of matter 7 

Despretz on conducting power 344 

Dew, cause of 371 

Dew-point, the 162 

Dia-magnetism, explanation of 297 

Dia-magnetic metals, list of most remarkable . 298 

Diameter, equatorial and polar, of the earth . . 13 

Diathermasy and adiathermasy 25 

Diffusion of gases 374 

Dioptrics 393 

Dispersion of light 414 

Displacement of liquids by solids 118 

Distilling apparatus, explanation of 352 

Divisibility of matter 26 

Dove on the winds 159 

Ductility of metals 38 

DuhameFs method of magnetizing steel bars . . . 289 

Dulong and Petit on expansion 343 

Dutrochet on endosmose 28 

Dynamics 9 

Ear, the 176 

passages and organs of the 177 

Earth, the revolution of the 11 

Echoes, remarkable instances of 191 



EUstidty of bodies 

HtipscUie 

EndoamoM 

Slastia fluids, laws of 

]aw> of slightly 

Eluticil; of <mtet 

Elutidt; of Bteam 

Elertric tfltlerici, Inminons effects of 

phjsiologica] effects of . 

camnt, magDetic character of 

Ught 

rapidity of , ■ 

development of ...... 

machinia, Jesnription of 

tel^raplia, deacripKon of 

conductorii, description of 

diecharge, towe of 

repulmon, example of 

Etectricd ci'j 

Electricity, snimFi], phenomena of 

atmospheric 

pOToliaritiei of 

Franklin's kite 

origin of 

^— calorific phenomena of .... , 

power of bodies lo conduct 

eicitatioa of 

intenaity of : the law of Ohm 

jnoJe lit aBcertoining the quantity of electric power of dif- 

fcTEnt bodies 

^^ atrikiiig peculiarities of 

luramoua cfFccta of 

peculiar phenomeng of 

primalj phenomena of 
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Pave. 

Electricity, theoretical explanation of 216 

vital, experiments on 263 

Electrics, character of 211 

negative and positive 270, 271 

Electro-dynamics : action of currents 311 

Electro-magnetic induction, Arago's discovery of . . . 317 

Electro-magnetism, experiments with . . . 284-288 

Electro-magnets, construction of 305 

experiments with 299 

economic difference between a steam-engine 

and an electro-magnetic engine 308 

power of 306 

reciprocating action of piston-like temporary 

magnets 307 

Electrometer, form of 209 

Coulomb's * torsion balance ' 210 

Sir W. S. Harris's hydrostatic 211 

Electromotive force 245 

Electromotors : list of metals which will produce electromotive 

force 245 

Electroscopes, description of 207 

Electro-metallurgy, process of 272 

Electrophorus 217 

Electrotype apparatus, description of . . . . 273-282 

Elliptical polarization of light 429 

Engines, hydraulic 126 

Bpipolic force 20 

Equilibrium, statical 84 

Escapement, watch* or clock 62 

Exosmose . 28 

Experiments on the chemical power of rays .... 431 

Extension of matter 6 

Eye, formation of the 381 

on electro-dynamic induction 318 



464 INDEX. 

Page. 

Faraday, his theory of electricity 203 

his electrical apparatus 326 

Tata Morgana 398 

Fay and Symmer's theory of electricity .... 201 

Feather and guinea experiment ...... 69 

Ferrotype process 434 

Fire-damp 172 

Floating bodies, laws of 119 

Florentine academicians on the compressibility of water . 106 

Flow of water through orifices 121 

Fluids at rest 105 

specific gravity of 70 

uniform height of 107 

Force of winds 159 

Forces, attractive 38 

parallelogram of 83 

Forcing-pump 132 

Fountains 109 

Fox's wedge for blasting rocks 88 

Franldin's experiments on solar radiations of caloric . . 372 

kite experiment . . . . . . . 234 

Franklinian theory of electricity 202 

Fraunhofer's dark lines , 414 

investigation of the phenomena of light . . . 421 

Freezing mixtures 356 

points of fluids 359 

French decimal system of weights and measures ... 66 

Friction 79-94 

Fusion or melting of metals, &c. 349 

Galvanic influence of rays of light 487 

C^vanism 242 

Galvanometer, Nobili's description of .304 

Grases, diffusion of 25 

Gaseous bodies, permanent 166 

Geyser, the, in Iceland 110 
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Gtennination, experiments on 442 

Graham on the diffusion of gases 25 

Grove's voltaic battery , 260 

Glass, cohesion of plates of iq 

Gold, most ductile of bodies 39 

extreme divisibility of 2 

Gravitation 7,43 

Goethe's theory of colours 413 

Gntta percha, electrical properties of .... 200 

Gnyton-Morveau on attractive force • ... 16 

Gymnotns 266 

Hales on the sap in trees 76 

Haloes 398 

Hare's voltaic. battery 249 

Harmonicon, chemical, description of the . . 195 

Harris's hydrostatic electrometer . . . . 211 

Harris on electro-magnetic induction .... 318 

Hdiographic process 435 

Heat, or caloric 33I 

-^— principle of . . . . . . 337 

cause of dew 37O 

diemical action a source of 335 

conducting power of various bodies .... 344 

construction of air thermometer .... 338 

mechanical force of 334 

obeys many laws which regulate the motion of light . 375 

power of various bodies to reflect .... 368 

radiant, science of, or thermotics .... 366 

radiant, propagation of 367 

rates of expansion of solid bodies by . . . 339 

specific 347 

subterranean 364 

theory of exchanges of 370 

vital action of 386 

2 H < 
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Height detemtincd bf bmmetcr 148 

of Hie itmDsphcie 136 

Heights of snow lino S68 



Hero's sphere 146 

llcrsi'tid'9 method of exuniuiog the temperature of mIu rajs 33S 

telfscopc 403 

Hoopa, revolring 12 

Horuontality of fluids 112 

Uoward,Xnle, on -clouds 166 

Horse-shoe magnets !gg 

Humboldt's lines of equal umual (empeiVtiire . 86£ 

Hufghens's Isw of double refraction of light 424 

HfdmilkB 120 

Hydranlic engines 126 

Ujdro-elcrlric machine, descriptiau of . . . . . 218 

Hjdro-eteetricity, dementar? jiheuomeiia of . . , 240 

Hydrostatics 105 

HjdroBtatic IwllowE 117 

ptradoi lis 

press 116 

Hrgroaielers 182,163 

Hfpetboia, the 48 

TUnmiDitiiig power of the planets 3gQ 

of the prismatic spectrum .' 412 

Imperial system of wdghts and measures .... 66 

Inclined plane gj 

India-rubber, elasticily of .39 

Inertia 7, 62, 74 



otDght 4jj4 

Irtin, changes of the molesnles of 33 

sulphate 0^ crystaUiutioa of the . , 300 



INDEX. 477 

Page. 

Jets of liquids, law of the flowing of 122 

Jupiter, mass of tlie planet 49 

Kaleidophon, Wheatstone's 181 

Kite, electrical 234 

Knight's magnets 291 

Lacerta gecko of Java 141 

Laplace on the earth's motion 80 

on the stability of the ocean . . ' . . . 76 

on the motion of the planets 49 

Laws of magnetic arrangement 295 

Law of storms 98 

Length and weight, relation of 66 

Lenses 399 

Levelling, art of . 112 

Lever, the 91 

Le Verrier on the planet Neptune 51 

Leyden jar, description of 221 

Light, aberration of 392 

and actinism 379 

coloured 405 

degree of illuminating power 390 

carbonic acid decomposed by 450 

dioptrical phenomena of 395 

Fraunhofer's investigation and description of pheno- 
mena of 421 

may be decomposed by absorption .... 408 

physiological effects of 381 

polarization of 425 

power of, in inducing magnetism in steel . . .329 

movement of 391 

photometers . . . . . . . . 390 

propagation of 389 

production of 38' 
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Light, progresaiaii at, undnlatot; 

Telocity of BTtifieial .... 

lightning, deacriplioa of 

I Cooduetars, diHciiptioa oF . 

I Liqne&etioD of bodies ..... 

— of mctallifi allojs 

I liijoidi, diSiuiuu uf 

I ^^— prcasure of - . , . . . 

I Luninoni intensit; of the rays of light 

of dectricity 

AT iuflueuce oa tides 

I LjGopodiam, physical property of 84 

I U&chines, electrie 

I Mochiue for freezing 

I Higdcbui^ hemiiphcies 

I Ifagnetic nctioo of eoltaic corrent 

— arrangeineJit, lawa of ... . 

— character of electric cnirept 

— ehuBctar of the various mctids . 

— electricity 

— indnotion, Dr. Scgresby'fi pheuomena of 
~ medium of the atmosphere 

— needle, affected by tlie sun's eouiso . 

affected by electric diachsrges .... 80ft: 

tte dip or inclination of ... , 881 

I UngnetlBm, Ampere's theory of ... 

— UBomcd to he a peculiar form of electricity 

— of the earth, pheuoniena of the . 

— proof of the unireraallty of . . . 

— terrestrial, jiheuomeua of ... 

Magnets, Dr. Knight's artifiEial 290 

hurse-ahoo 

Ming or aoatoioiiig pi-nKi uS . , . 
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Man, a^jix^^t of centie of gcsTit; b; . . . TS 

Mariottc, Utr of 1S9 

MftskeljDe's cipdrimente on kttnetion . . . . B2 

Moss, inllDeace oF, on gnrilatian 4S 

Hatter, ia it mfimtel^diTuible? 2 

inert 88 

oltiniitc ptnnt of 9 

solid, pitutie, fluid, liquid, vsporifbrm, gaKooB . . S 

Hedumical power SE 

HeUoni's tbermo-dectric pile 376 

Ueretny, eitreme dinmbilitj of 8 

Metollii- mirror 86S 

Metsia, ma^diic cIiBracter otvanoui .... SSS 

diB-maguvtifl 298 

Hierowopes 40S 

Mirage 898 

HilTors, concave and convex S94 

destription of S9S 

Molecukr forces 18 

Hokcolei, movement of 32 

Honaoons 157 

UoDD, Inllurnceof, on tides 55 

HokIc; on teuadtj S8 

UotioD, compontion of 82 

general hvis of 79 

modes of produdi^ foree 101 



pnmaiy, e 

rectilinear 82 

relative or absolnle 81 

resolution of S3 

result* of 11 

Musical notes, prodaction of 192 

Neap tides 1 
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Needle,, yariation of ... 

Neptune, discovery of the planet 
Newton's (Sir Isaac) law of grayitation 

laws of motion . 

telescope . 

■ theory of matter 

theory of light . 



Nimbus, or rain-doud .... 
Northern lights, electrical manifestations of 
Nobili's galvanometer, description of . 

(Ersted on the deviation of falling bodies . 

on the Elasticity of air . 

Ohm's law of the intensity of an electric current 
Oil, revolving globe of ... . 

Optics 

Organ-pipe, to imitate human voice . 

Organic form 

arrangement 



Orifices, liquids flowing from 

Oscillations of the pendolnm ■ . 

Otto von Guericke, the air-pump invented by 



Page. 
319 

51 

45 

79 

403 

10 

416 

165 

323 

304 

53 
139 
256 

14 
393 
198 

36 

37 
121 

60 
142 



Parabola, the . 

Parabolic curve formed by projectiles 

Parallelogram of forces 

Particles of solids, movements of 

Pendulum, the 

Pendulums, construction of 

Perkins, experiments by . 

on the condensation of air 

Phenomena of atmospheric refraction 

of interference of rays 

of vision 



Photography, light-drawing 



48 

56 

83 

31 

59 

340 

106 

139 

398 

422 

384 

432 
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Photometers, constrnction of . . . . . . 391 

Physics, definition of the term 4 

Physical forces, modes of motion 101 

Pisa, leaning toWer of . . . . . . . 72 

Plane, incHned 85 

Planets, illuminating power of 390 

relative sizes of 49 

Plants, carbonic acid decomposed by 450 

Pkteaa, M., experiment by ...... 14 

Platinnm foil and sponge, condensing power of . . . 19 

Pneumatics 134 

Polarization of light 439 

Ponderable matter, general properties of ... . 1 

Power and time, relation of 90 

Press, hydrostatic 116 

Pressure of the atmosphere 140 

of fluids . . . • 114 

equal, of water 1 19 

of water 118 

engines worked by 129 

Prevost's theory of exchanges 370 

Primary and secondary colours of light .... 407 

Principia of Newton 83 

Prismatic spectrum 410 

Production of colours 419 

Properties of matter 6 

Pulley, the 89 

Pump, suction . . . 131 

forcing 182 

Puy de Ddme, experiment upon 148 

Pyrometers, construction of 343 

Wedgewood's, construction of .... . 343 

Eadiating power of various bodies 367 

R&in-gauges 16^ 



'« Inluioes 

I'g, M. dn Sou, ciperuncnU on vital electricity 
KSbdilinear motion , : 

K Beflection of heat 

ISe&BetJon 

- Hnygbims'B Uw of 

- tsblfl of the indiera of 

I Seiiuch's voUoic batteiy 

1 Scpulsion, dcctriral 

I Sewlntiuii of motion 

I Stocks, atmdiire of 

I Solatorj mation 

I Somfard't ciperimenls oa coadacting ponei of bodies lUed fo 

utidcj of dress and caveringa of aninmli 
I Ibithearbtd'g eelf-rcgiateriiig tbGrmometcra , 
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Batum's ring imitated in an eiperiment bj Flil«au . . IS 

fiauuon'a biur bj'gromelcr !6S, 3B1 

B«areib;'e magnets 3B1 

Bcrevr, t&c SB 

fcasois, iufnence of, on plants 4EI 

Seeds, germizmtion of 4tS 

Segsor'g tnachice ISS 
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